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1. INTRODUCTION

1.1 Terms of Reference

This Work Plan has been prepared by Geosyntec Consultants (Geosyntec) as part of the
Operable Unit 1 (OU1l) Remedial Investigation/Feasibility Study (RI/FS) for the
Matthiessen and Hegeler (M&H) Zinc Company Site (Site) located in LaSalle, Illinois.
The RIFS is required by an Administrative Settlement Agreement and Order on
Consent (ASAOC) Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) Docket No.V-W-06-C-856, dated 6 October 2006, between
United States Environmental Protection Agency (USEPA) Region V, Carus
Corporation, and Carus Chemical Company (Carus), pursuant to the CERCLA. During
the course of the RI/FS, environmental samples will be collected to: (1) characterize the
nature and extent of any contamination stemming from past site practices, as well as the
risks to human health and the environment stemming therefrom; and (ii) develop and
evaluate remedial alternatives for the Site. This Work Plan is written for OU1 to: (i)
provide background information; (ii) develop the preliminary Conceptual Site Model
(CSM) and overall management goals; and (iii) present a scope of work for further QU1
assessment, risk assessment, and remedial alternatives evaluation.

This Work Plan is one of several RI/FS Planning Documents submitted concurrently in
fulfillment of Task 1.3 of Appendix A (Statement of Work) of the ASAOC. Other
concurrently submitted documents include the following:

e Field Sampling Plan (FSP), which provides details for field sampling locations
and procedures and which will be most frequently used by field staff on-site
(Appendix A to this document);

e Quality Assurance Project Plan (QAPP), written to establish protocols necessary
to ensure that the data generated are of a quality sufficient to ensure that valid
conclusions are drawn from the site characterization (Appendix B to this
document); and

FR1093/JR60270_Work Plan (Revision 1).doc ]
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e Health and Safety Plan (HASP), which identifies all physical, chemical, and
biological hazards relevant to each field task and provides hazard mitigators to
address these hazards (Appendix C to this document).

Standard Operating Procedures (SOPs), which provide the protocols for field
operations, are also submitted concurrently (Appendix D), as well as historical data on
disk (Appendix E). The RI/FS Planning Documents draw upon a Technical Letter
Report (TLR) (Geosyntec, 2006) previously submitted to USEPA Region 5 in
fulfillment of Task 1.1 of Appendix A of the ASAOC. Sections 2 and 3 of this Work
Plan respectively summarize the descriptions of the site setting and nature and extent of
contamination that are presented in the TLR. The reviewer is referred to the TLR for a
more detailed discussion of these topics.

1.2 Document Overview

This Work Plan has been prepared according to the USEPA guidance document
“Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA” (USEPA, 1998).

The remainder of this Work Plan is organized as follows:

e Section 2 provides the OU1 setting, including the site history relative to OU1
and a description of the local and regional physical, biological, and demographic
features of the Site vicinity;

e Section 3 discusses the current understanding of the nature and extent of
contamination, drawing upon past characterization work as presented in the
TLR;

e Section 4 develops the CSM;

e Section 5 outlines the RI/FS overall goals and requirements;

e Section 6 summarizes current data needs;

FR1093/JR60270_Work Plan (Revision 1).doc 2
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e Section 7 discusses the RI scope of work;
o Section 8 presents the FS scope of work;
o Section 9 discusses project management and control; and

e Section 10 of this document provides references cited.
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2. SITE SETTING
2.1 Site Location

QU1 is a portion of the broader M&H Zinc Company Site, located on the east side of
LaSalle, Illinois. Figure 1 presents an overview of the Site, which encompasses
approximately 183 acres of defined property plus any off-property areas, such as the
Little Vermilion River, which may have been affected by the Site’s manufacturing
history. The Site is divided into two operable units: (i) OU1, comprising the Carus
facility in the southern portion of the site, the slag pile created from M&H operations,
and the Little Vermilion River; and (ii) Operable Unit 2 (OU2), comprising the former
M&H Zinc Company in the northern portion of the site, as well as any impacts to
residential or other areas in the City of LaSalle. The ASAOC requires Carus’
participation in a site-wide RI/FS, which, for Carus, specifically entails: (i)
performance of OUl-related activities; and (ii) combination of investigative findings
from OU1 with those from OU2 provided by USEPA’s contractor into site-wide reports,
as needed.

2.2 Site Operations History

The TLR presents a detailed, chronological review of site history for OU1 and OU2,
including an aerial photograph review. This section presents a summary of the
operational history of OU1 and OU2. For a more detailed discussion, the reviewer is
referred to the TLR. This summary begins with a discussion of OU2, the former M&H
Zinc Company Site, because its process origins predate and are directly relevant to OU1.

OU2 property, located at 900 Sterling Street north of the Carus manufacturing facility,
began primarily as a zinc processing facility in the mid-1800’s under the name of
Matthiessen and Hegeler. Zinc ore was imported to the M&H property where it was
refined, recovered, and rolled for industrial use. In the late-1800’s, Matthiessen and
Hegeler exploited a new technology whereby the sulfur dioxide emissions from the zinc
refining process could be converted to sulfuric acid; this became another plant process.
By-products, including sinter, slag, and other off-specification materials, were placed
south and east of the M&H plant in the area that is now between the M&H and Carus
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plants and the Little Vermilion River. Portions of the slag and sinter were placed on
property now owned by Carus. Based on comparisons of aerial photographs, by 1939,
most of the slag had been placed in its current location. In the late 1970’s, M&H Zinc
Company reportedly filed for bankruptcy, and bperation of the rolling mill was taken
over by Zinco. In 1991, Zinco merged with LaSalle Rolling Mills, which was the
surviving corporation. LaSalle Rolling Mills continued operations until the late 1990’s
and performed smelting, rolling, casting, stamping, and plating of zinc and aluminum
sheet and wire products. Beyond some warehousing, there are no known current
operations on the former M&H property comprising OU2.

Based on the plat survey, in 1876, a large portion of the property now owned by Carus
(i.e., OU1) was likely used for agricultural purposes. The manufacturing and business
operations of Carus and M&H have always been separate. Carus began operations in
1915 manufacturing potassium permanganate products used for water purification and
wastewater treatment. Today, approximately 15,000 tons of potassium permanganate
are produced annually at the Carus facility. Additionally, Carus produces sodium
permanganate and a specialty line of products. Sodium permanganate is used by the
electronics industry for descumming and descaling. Other products are used for denim
highlighting, chemical synthesis and purification, wire descaling, and acid mine leachate
treatment. Air filter media are produced for air purification use in residential,
commercial, and industrial buildings. The reviewer is referred to the TLR for a more
detailed discussion of current Carus operations.

2.3 Site Description

OU1 is comprised of three areas: (i) Carus’ manufacturing facility; (ii) a slag pile
related to the former M&H smelter operations; and (ii1) the Little Vermilion River. The
Carus manufacturing facility is located at 1500 Eighth Street, in the northwest quarter of
Section 14 and in the northeast quarter of Section 15 in Township 33 North, Range 1
East of the Third Principal Meridian in LaSalle County, Illinois. The slag pile is located
in the northwest quarter of Section 14 in the township referenced above and is bordered
to the east by the Little Vermilion River. The river generally runs from north to south
toward its confluence with the Illinois River approximately one mile south of the Site; it
also serves as the eastern boundary of OU1 and OU2. A location map is provided as
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Figure 2. Note that the northern boundary of the slag pile serves as part of the boundary
between OU1 and OU2; this boundary is dashed on associated figures because the
boundary is estimated at present. Likewise, the spatial extent of site-related impacts in
the Little Vermilion River will be better understood during and after RI characterization;
hence, dashed boundary lines immediately to the north and south of the Site indicate
possible study boundaries. Although proposed physical characterization of the slag will
extend to the Illinois River during the first phase of the RI, sediment and surface-water
samples collected for laboratory analyses will initially be focused within the dashed
boundary limits to the north and south of the Site. The main plant area of Carus
contains numerous buildings associated with the manufacture of potassium
permanganate and other specialty chemicals. Property to the east of the main plant area
includes, from west to east: (i) the eastern embankment of the manufacturing facility;
(ii) a segment of the former Illinois Central Railroad (ICRR) embankment; and (iii) the
slag pile associated with the M&H Zinc Company Site. A holding pond and an
emergency bypass pond associated with Carus’ operations and its National Pollutant
Discharge Elimination System (NPDES) permit (Number 1L.0002623) are located on or
near the slag pile. OU1 is bounded by OU2 of the M&H Zinc Company Site to the
north; a limestone quarry, a cemetery, and farmland to the east; and private residences to
the south and west.

24 Physiography and Climatology

The Carus manufacturing facility is located within LaSalle County, which consists of a
flat upland area with an average elevation of 650 to 750 ft (1927 North American
Datum). The facility lies at an elevation of approximately 580 ft, except near the
eastern boundary of the site, where the elevation decreases to approximately 460 ft at
the boundary of the Little Vermilion River. The Little Vermilion River flows from
north to south for approximately one mile from the facility where it discharges into the
Illinois River. The Illinois River Valley divides LaSalle County into approximately two
equal sections. The [llinois River Valley is approximately one mile wide at the County
of LaSalle, with relatively steep bluffs approaching 150 ft high.
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The temperature in the City of LaSalle varies between approximately 18°F in January to
86°F in July. Mean annual rainfall is approximately 34 inches. The prevailing wind is
from the south with an average velocity of 11 mph.

2.5 Demographics

According to 2000 census data, the City of LaSalle has a population of 9,796. The
population density in neighborhoods immediately west of the Site ranges from 64
persons/mi” at the north end of the Site to 1,700 persons/mi’ at the south end. The age
distribution of LaSalle residents, compared to national averages, is as follows:

o median age: 38.1 years (35.3 nationally);

* population under five years of age: 6.6% (6.8% nationally);

* population 18 years of age or older: 76.6% (74.3% nationally); and
e population 65 years of age or older: 18.7% (12.4% nationally).

While 2005 estimates are not available for the City of LaSalle, estimates for the County
of LaSalle indicate a decline in population from 111,509 in 2000 to 109,658 in 2005.
These age statistics and population trends suggest that the population is stable to
declining and that significant changes in land use in the near future are not likely based
on current trends.

2.6 Hyvdrology, Geology, and Hydrogeology

The information presented in this section is based on boring logs and field notes from
previous field investigations, as well as published literature. A detailed description of
the regional and OU1 hydrology, geology, and hydrogeology is presented in this section.
Cross-sections were developed based on the results of prior investigations; they
illustrate Geosyntec’s understanding of the geologic profile of areas within OU1. The
reviewer is referred to the TLR for a complete set of cross-sections; however, a single
east-west cross-section is provided in this Work Plan as Figure 3. This cross-section is
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presented because it succinctly presents the relationship between the slag pile and the
upland areas of OU1.

2.6.1 Surface Hydrology

2.6.1.1 Regional Surface Hydrology

LaSalle County lies within the Illinois River Drainage Basin. The Illinois River flows
across the central portion of LaSalle County in a westerly direction. Overall, LaSalle
County is moderately well-drained, although marshes occur near the headwaters of
some upland creeks. Important tributaries of the Illinois River include the Fox River,
the Vermilion River, and the Little Vermilion River, the latter of which flows from
north to south along the eastern property boundary of the site.

2.6.1.2 OUI Surface Hydrology

The most important feature influencing surface-water flow at and near the Site is the
Little Vermilion River. The majority of the surface-water runoff across OU1 flows
toward the holding pond. The holding pond discharges to the Little Vermilion River
through a NPDES permitted discharge pipe. The easternmost edge of the slag deposits
occur within the 100-year flood plain of the Little Vermilion River as designated by the
United States Geological Survey (USGS). In general, surface-water runoff across OU2
is directed toward the Little Vermilion River.

2.6.1.3  Physical Characteristics of Little Vermilion River

Observations concerning the dimensions, flow rates, and substrate nature of the Little
Vermillion River stem from site reconnaissance performed during the preparation of this
Work Plan as well as data collection and calculations performed by Geosyntec (1996.)

On 7 October 1994, Geosyntec profiled the depth and velocity of the river in four
transects adjacent to the slag pile. The associated flowrate ranged from 6 to 14 ft'/s.
River width varied considerably, from 15 to 55 ft, depending upon the degree of
constriction due to the slag pile and the steep valley wall on the eastern bank.
Maximum river depth also varied from 1.4 to 2.9 ft, and the peak velocity in a given
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transect varied from 0.51 to 1.27 ft/s. It should be noted that shortly after this
measurement event, heavy rains raised the river level by two feet; as a result, it was
unsafe to perform additional velocity profiling.

The riverbed substrate is variable and requires understanding in the context of the
unique geologic configuration of the river. As discussed in greater detail in Section
2.6.2, Holocene alluvial deposits brought about by the river were generally buried by the
slag pile, which displaced the waterway to the east to zones of relatively clean bedrock
or cobbles. Limited reconnaissance of the river performed in May 2007 indicated that
immediately north of the slag pile, alluvial sand bars are present. However, as the river
runs alongside the slag pile, its course is constricted, which causes the gradient to
steepen and velocities to increase, which has apparently scoured the majority of any
remaining alluvium from the riverbed. The riverbed contains occasional large (1-2 ft in
length) chunks of slag (slag is discussed in greater detail in Section 2.6.2.) While the
river substrate is generally coarse rock or bedrock, limited zones of alluvial sediment are
deposited in the littoral zone close to the riverbank, most commonly in the lee of large
rocks or chunks of slag. The extent to which small slag pieces are present in the
sediment is not well understood at present. Also, a limited stretch of the river (on the
order of several hundred feet in length) appears to have more significant alluvial
overbank deposits on the western boundary.

In general, the river valley walls adjacent to the site are relatively steep; hence, with the
exception of limited sandbars within or immediately adjacent to the river, wetlands have
not been observed in the river valley.

2.6.2 Geology

2.6.2.1 Regional Geology

The regional geology of north-central Illinois consists of unconsolidated Pleistocene
glacial deposits overlying Paleozoic sedimentary deposits. For the purposes of this
investigation, the Paleozoic strata can be divided into lower Paleozoic deposits and
upper Paleozoic deposits. The lower Paleozoic deposits consist primarily of sandstone,
dolomite, and shale, and are on the order of 4,800 ft thick. The upper Paleozoic

FR1093/JR60270_Work Plan (Revision 1).doc 9



Geosyntec o MATTHIESSEN AND HEGELER ZINC COMPANY SITE
WORK PLAN
Revision 1

consultants

deposits, which are entirely of Pennsylvanian age, consist primarily of shale, limestone,
sandstone, and coal, and are on the order of 400 ft thick. The distinction between lower
and upper Paleozoic deposits is significant with respect to the LaSalle Anticline, which
is the most important geological structure in the region.

The LaSalle Anticline is a sharp, southwestward-dipping flexure in the lower Paleozoic
sedimentary strata. The flexure was formed after deposition of the lower Paleozoic
strata but before deposition of the upper Paleozoic strata. The axis of flexure on the
northwest to southeast trending anticline is located approximately one mile to the
northeast of the site. The effect of this flexure is that lower Paleozoic strata that exist at
depths of 1,500 ft at an approximate distance of 1.5 mile to the southwest of the site are
exposed at or near the ground-surface about one mile to the northeast of the site.
However, this sharp flexure does not occur within the upper Paleozoic (Pennsylvanian)
strata. The upper Paleozoic deposits merely overlap and thin against the flexure.

During the Mesozoic and early Cenozoic periods in [llinois, emergence of the Paleozoic
formations resulted in widespread erosion and production of a low-relief topography.
During the Pleistocene Epoch, glaciers advanced over the region, scouring out softer
rocks and soils. As the ice melted, large volumes of rock and soil debris were left
behind in the form of glacial drift. Glacial drift deposits range up to 600 ft in thickness
in the region.

Glacial-drift thicknesses near the site were estimated from formation descriptions
provided in well construction reports submitted by well drillers to the Illinois
Department of Public Health (IDPH). Within a S-mile radius of the site, drift
thicknesses range from less than 10 ft to approximately 100 ft. The average thickness of
glacial deposits is approximately 40 ft within an area bounded to the south by the
lllinois River and the east by the Little Vermilion River. South of the Illinois River and
west of the Vermilion River, glacial deposits average approximately 60-ft thick.
Northeast of the site, across the Little Vermilion River, glacial deposits appear to be 10-
ft thick or less. Pennsylvanian age and older formations outcrop to the east of the Little
Vermilion River, as the crest of the LaSalle Anticline is approached.
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2.6.2.2  Geologic History

The bedrock of OUI1 consists of shale and limestone with small amounts of coal and
sandstone. These rocks were deposited about 300 million years ago during the
Pennsylvanian Period in shallow marine and swamp environments. Following
deposition, these deposits were buried, compacted, and cemented into moderately to
well-consolidated sedimentary rock.

Glaciers scoured valleys into the Pennsylvanian deposits during the Pleistocene Epoch,
about 20,000 years ago. This scouring created an irregular surface of fresh bedrock
beneath the ice. When the ice melted, large volumes of sediment ranging in size from
boulders to silt were left behind as deposits of till. In some places, silty clay was
deposited by wind or standing water.

Following, and also possibly during the Pleistocene Epoch, erosion scoured out the
Little Vermilion Gorge and appears to have removed nearly all of the glacial deposits
from OU1, except for a small erosional remnant in the northeastern comner of the Carus
main plant area. Where Pennsylvanian shales were exposed, up to 8 ft of residual soils
have developed. In the central part of the Carus main plant area, an erosional gully
formed. Also, during this time, stream and floodplain sediments were deposited in the
Little Vermilion Valley.

In the mid 1800’s, zinc smelting began just to the north of OU1 and large amounts of
slag and some waste sinter were produced. Waste slag was taken from the retorts and
transported to OU1 by a narrow-gauge railroad. From the mid-1800’s to the early
1900’s, a long ridge of slag was deposited along the eastern side of the current Carus
main plant area. This ridge of slag has the appearance of a berm constructed across the
mouth of the gully.

General infilling of the gully likely began following construction of the slag ridge. In
the northeastern part of the impounded guilly, which was close to the narrow gauge
railroad, much of the fill material consisted of waste sinter from smelting operations. In
most of the gully, however, fill material consisted of fresh to weathered Pennsylvanian
green shale. This shale appears to have been scraped from a small knoll that probably
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existed near the location of the gully. In the early stages of infilling, a shallow pond

appears to have formed in the gully, causing deposition of the soft, alluvial soils
observed in Borings C-3 and G-05.

According to a historic site map, by 1928, infilling of the gully had been completed and
the area was traversed by the tracks of the LaSalle and Bureau County Railroad. The
1928 map also shows the earliest Carus buildings. The railroad tracks were removed in
the 1970’s. Around 1980, the emergency storage area was constructed on the Carus
main plant area utilizing an engineered, compacted clay liner, designed to contain
liquids in an emergency situation.

2.6.2.3  Site Geology and Stratigraphy

Overview: The rocks and soils beneath OU1 ‘were formed as either natural or man-
made deposits of sediment and fill material. Each type of deposit has chemical and
hydrogeologic properties which are unique and individually significant to the flow and
chemical composition of the shallow groundwater beneath OU1. For this report, these
- deposits can be divided into four general groups on the basis of age and origin:

o the Pennsylvanian System, which includes the bedrock and residual soils formed
upon it;

e the Pleistocene Series, which includes the glacial deposits in the northeastern
corner of the main plant area;

e Holocene alluvium, which is confined to the bottom of the Little Vermilion
Valley; and

e modern fill, which includes all materials which have been deposited or reworked
by human action since the onset of industrial operations.

The remainder of this section consists of a systematic description of each of these four
groups of materials, including: (i) overall makeup and distribution; (ii) internal
composition; and (iii) a general description of hydrogeologic properties, if applicable.
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Pennsylvanian System: The Pennsylvanian System constitutes the bedrock and
underlies the entire area around OUl. Within the area of investigation, the
Pennsylvanian System consists of horizontal or nearly horizontal layers of shale and
limestone with a few thin beds of coal and sandstone. In many areas, a mantle of
residual soil has developed within the upper few feet of the Pennsylvanian deposits.
The full Pennsylvanian section at OU1, down to the level of the Little Vermilion River,
is shown on the east-west cross-section (Figure 3). On the cross-section, the
Pennsylvanian System was divided, from the top down, into the following four units:
(i) green shale, which includes some coal and gray claystone; (ii) red shale; (iii)
limestone; and (iv) gray shale with thin beds of limestone.

The green shale unit actually consists of several layers of green, calcareous shale, a layer
of green calcareous siltstone, a thin bed of coal, a layer of gray claystone, a layer of
bituminous clay and shale, and at least one thin bed of marlstone. Additionally, within
several feet of the natural ground surface, a mantle of residual soil has developed in the
top of the green shale unit.

In the layers of green calcareous shale and siltstone, groundwater appears to flow slowly
through small, widely spaced fractures. Where weathering has reduced the amount of
calcareous cement, some intergranular flow may also take place. The intergranular
hydraulic conductivity of the weathered green shale at Monitoring Well G-02 was
measured to be 9.9 x 107 cm/s on the basis of laboratory hydraulic conductivity testing.

Although it is very thin, the coal bed is highly fractured and therefore has high hydraulic
conductivity, probably giving it a transmissivity comparable to the entire calcarcous
green shale section. During the drilling of Monitoring Well G-03, free water was not
encountered in the split-spoon samples, except when the coal bed was penetrated.
Additional water was encountered in the bituminous claystone and shale at points where
the organic content was sufficiently high to make the clay of very low plasticity. Based
on a slug test performed in Monitoring Well G-02, the gross hydraulic conductivity of
the green shale was measured to be about 4 x 10 cmy/s.

The red shale unit is much more uniform than the green shale unit and is distinguished
by its color, its medium plasticity, and the absence of calcite either as fossils or as
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cements. Due to the absence of calcite and the medium plasticity, groundwater flow
most likely occurs by means of molecular diffusion and limited fracture flow. In clays
of medium plasticity, fracture flow is limited somewhat by the tendency of the clays to
swell slightly in the presence of fresh water.

The limestone unit is about 50 ft thick and is believed to underlie the main plant area of
OUl. This limestone was encountered only in Boring G-01 but was observed in an
outcrop along the bluffs of the Little Vermilion River (see east-west cross-section,
Figure 3). Except for fractures, the limestone unit is impermeable. Although significant
fractures were observed within the limestone, they were present at a relatively low
density (approximately one fracture every 30 to 100 ft along the face of the outcrop).
This low density of fractures indicates a low transmissivity for the limestone unit. No
karst development was observed.

Pleistocene Deposits: The Pleistocene Series is confined to the northeast corner of the
main plant area, where it forms a layer up to approximately 20 ft thick. The Pleistocene
Series consists of the following lithologies: (i) coarse till; (i) fine till; and (iii) silty
clay.

In all three types of Pleistocene deposits, groundwater flows through intergranular pore
spaces, with the hydraulic conductivity determined by the size and abundance of the
pores. The coarse till, which has a matrix of sand and little or no silt and clay, is
characterized by a moderately high hydraulic conductivity. In Monitoring Well G-04,
the hydraulic conductivity of the coarse till was measured to be approximately 2.7x1 0
cm/s.

The silty clay and fine till are estimated to have low to very low hydraulic conductivities
on the basis of their fine grain size. Because the matrix of the fine till and the silty clay
deposits are of low plasticity, low-rate intergranular flow should dominate. Because of
the extremely poorly sorted (very well-graded) nature of the fine till, the amount of
intergranular space available for flow should be very low, further reducing the hydraulic
conductivity of the fine till deposits.
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Holocene Alluvium: Alluvial deposits appear to be confined to the valley of the Little
Vermilion River, and are believed to consist mainly of loose silty sand and soft sandy
silt. The depth of the alluvial deposits is unknown. The alluvial deposits are believed
to be of Holocene age (within the past 10,000 years), but a Pleistocene component may
also be present. In the section of the river that flows by OU1, the alluvial deposits
appear to have been buried by deposits of slag.

Fill Deposits: Fill deposits were observed to cover large areas of OUl. Significant
deposits were found mainly in the central part of the main plant area where they
constitute the infill material for the former gully. The fill deposits are both complex and
very significant to the flow and potentially to the quality of groundwater. In general, the
following types of fill were observed during this site investigation: (i) soil fill; (ii)
sinter; and (iii) slag.

e Soil Fill - Soil fill consists primarily of reworked Pennsylvanian shale. In
general, the reworked shale appears to have been derived from residual soil
developed in the top of the calcareous green shale, as well as from unweathered
shale and siltstone. The reworked shale is characterized by a loosely compacted
jumble of shale and siltstone clods with a small amount of miscellaneous fill
material. In addition to the reworked shale, the following other types of fill soils
were identified: (1) sediment from the former pond that appears to have formed
in the gully and lies beneath the reworked shale in Borings G-05, C-3, and
possibly C-10; (ii) structural fill associated with the ICCR grade; (iii)
miscellaneous shallow fill and road gravel; and (iv) the compacted clay liner
constructed for the emergency storage area. In the reworked shale deposits,
groundwater most likely flows primarily between large clods of reworked shale
and secondarily within the weathered clods of shale. The poorly compacted
nature of the deposit gives the reworked shale a coarsely granular texture,
similar to the coarse till. Based on a slug test conducted in Monitoring Well G-
05, the hydraulic conductivity of the reworked shale deposit was found to be
about 2.0 x 10~ cmy/s.

o Sinter Fill - Sinter, in the context of zinc production, is an intermediate product
consisting of agglomerated zinc oxide. Sinter is produced when zinc sulfide ore
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is roasted, which causes the sulfur to be driven off and the zinc to oxidize. The
sinter identified in the fill deposits is presumed to have been off-specification
material. Where encountered in the borings, the sinter consisted of black, loose
granular material, the size of medium sand. The hydraulic conductivity of the
sinter is most likely slightly greater than the reworked shale or the coarse till.

o Slag Fill - Slag is the recrystallized or vitrified silicate and oxide residue from
the production of metal from ore. Typically, and as observed at OUI, slag
ranges in color from moderate red to blackish red and has a highly porous,
cindery, vesicular texture similar to scoriaceous lava rock. Much of the slag
appears to have become welded into large blocks by its own heat prior to and
during deposition. Slag deposits observed in outcrops of QU1 were extremely
porous with large, interconnected voids on the order of 0.3 to 1.0 ft across. The
hydraulic conductivity of the slag deposits is believed to be very high, at least
locally within the deposit.

2.6.3 Hydrogeology

2.6.3.1 Regional Hydrogeology

Aquifers within north-central Ilinois are represented by sands and gravels occurring
within the glacial drift, as well as permeable bedrock formations, principally sandstones
and dolomites. The City of LaSalle has a wellfield approximately 0.6 mile south of
OU1, within the lllinois River Valley. The water supply wells are screened in glacial
sands and gravels at depths ranging from 60 to 70 ft below land surface (BLS). The
City of Peru operates a municipal wellfield approximately two miles northwest of the
Carus Chemical Company manufacturing facility. Water is obtained from lower
Paleozoic formations at depths greater than 2,000 ft BLS.

2.6.3.2  0OUI1 Hvdrostratigraphy

The main plant area is dominated by an erosional gully that is filled with loosely
compacted soils and slag. The erosional gullies were formed by glacial scouring during
the Pleistocene Epoch, about 20,000 years ago. Around this time, the Little Vermilion
Gorge was scoured nearly removing all glacial deposits from OUl. Stream and
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floodplain sediments were deposited in the Little Vermilion Valley. The fill deposits
form the upland fill aquifer system which overlies a bedrock confining layer. The slag
berm along the eastern side of the main plant area seems to have been constructed
across the mouth of the gully. Infilling of the gully most likely began following
construction of the slag ridge. A shallow pond appeared in the gully, causing deposition
of soft alluvial soils. Based on historic maps of the site, infilling of the gully was
completed by 1928.

The deposits beneath the main plant area can be divided into five hydrostratigraphic
units based on the magnitudes of their permeabilities and the nature of their pore
structures. The hydrostratigraphic units are outlined below. Hydraulic conductivity
values are provided in the Phase I Site Investigation report (Geosyntec, 1994).

o Unit I consists of slag deposits, with very high permeability and very large pore
spaces. The hydraulic conductivity of Unit I is estimated to be on the order of 1
x 10-1 cm/s.

o Unit 11 consists of fill deposits and coarse till, with the moderately high
permeability and coarse, intergranular texture (considering clods of reworked
shale as large grains). The hydraulic conductivity of Unit 11 is estimated to be on
the order of  x 102 to 3 x 10~ cm/s.

e Unit 1II consists of the upper two-thirds of the green shale unit and includes
residual soil and weathered shale, the coal, and the bituminous gray claystone
and shale. Flow in Unit HI appears to occur primarily through fractures in the
shale and coal. The hydraulic conductivity of Unit Il is estimated to be on the
order of 3 x 10°to 1 x 10™ cm/s.

e Unit IV consists of the fine till deposit, with its very low hydraulic conductivity
and intergranular flow. According to Freeze and Cherry (1979), fine tills may
have hydraulic conductivities as low as 1 x 10® to 1 x 10™'? cmy/s.

e Unit V consists of the lower part of the green shale and the red shale, which
together form the lower confining layer for the shallow upland fill aquifer
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system. Unit V may have a hydraulic conductivity somewhat higher than Unit
IV due to the potential for molecular diffusion and fractures within the shales.

Hydraulic testing was conducted during previous investigations. These results were
discussed relative to specific stratigraphic units earlier in the Stratigraphy section, as
applicable, and are summarized in Table 1.

2.64 OUI1 Flow Systems

2.6.4.1 Overview

The purpose of this section is to describe the nature of the groundwater flow systems
beneath OUI in order that information on groundwater quality can be evaluated
properly with respect to potential environmental risk. The flow and chemical
composition of groundwater beneath the main plant area are strongly influenced by the
geometry and composition of fill deposits and bedrock. A separate flow system exists
for the slag pile in OU1. In order to understand the complex relationships between the
various layers of bedrock and fill deposits, a description of the OU1 geology and a
narrative on the geologic history of OU1 was provided earlier in this document.

2.6.4.2  Description of the Main Plant Area Flow System

The shallow groundwater flow system in the main plant area is comprised of two main
units. The most prominent water-bearing unit is associated with the erosion gully that
was filled with loosely compacted soils and slag, corresponding to hydrostratigraphic
Units I and II. A secondary unit is associated with the coarse till (Pleistocene) deposits
confined to the northeast portion of the main plant area. The water-bearing unit
associated with old erosion gully (referred to as the fill aquifer) is bounded below by the
red shale and limestone, which are assigned to hydrostratigraphic Unit V and which
form the lower confining layer. The fill aquifer is bounded laterally on the north, west,
and south by the green shale unit, which forms hydrostratigraphic Unit III. On the
northeast, the fill aquifer is bounded by the fine till, which forms Unit IV. The lower
and lateral boundaries of the fill aquifer are considered to correspond to the contact
between the fill and green shale.
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The secondary water-bearing element of the shallow flow system is present in the coarse
till deposits in the northeastern corner of the main plant area. The coarse till is assigned
to hydrostratigraphic Unit I and hereinafter is considered the coarse till aquifer.

The principal sources of water for the fill aquifer are direct infiltration of precipitation,
and to a limited extent, fugitive loss of non-contact cooling water and storm water run-
off from the plant sewer system. Direct infiltration appears to be responsible for the
water present in the coarse till aquifer and in the green shale unit in the northeastern
portion of the main plant area.

2.6.4.3  Description of the Slag Pile Flow System

The slag pile area is believed to be underlain by a single shallow flow system consisting
of two components. Hereafter, this will be referred to as the Little Vermilion Flow
System. The main component of the Little Vermilion Flow System consists of the river
channel, the alluvium, and the slag in the lower portions of the valley. Observations
made during previous investigations suggest a common southward-flowing gradient in
these deposits with gradual convergence of flow into the river. The other component of
the Little Vermilion Flow System is believed to consist of flow from the upland areas
directly toward the river under relatively steep hydraulic gradients.

The evidence presented above suggests that water within slag pile area will generally be
discharged at the southern end of OU1 through either the channel or alluvium of the
Little Vermilion River.

2.6.4.4 Direction and Rate of Flow

Water level elevations measured in monitoring wells at OU1l suggest that shallow
groundwater flows to the east-southeast towards the Little Vermilion River.
Groundwater in the main plant area generally flows eastward toward the Little
Vermilion River. The groundwater flow from the Carus main plant area appears to be
channelized into a narrow area in the vicinity of Soil Boring G-01 likely as a result of
the configuration of the bedrock surface and the nature of the fill and glacial deposits.
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The direction of flow in the upland fill is shown on the potentiometric surface map
(Figure 4). This map also shows the four hydrostratigraphic units which are present
above the lower confining layer (Unit V). The direction of flow is to the east, toward
the Little Vermilion River.

Generally, the potentiometric surface flattens away from the groundwater mound and
steepens toward the steep hillside leading down to the Little Vermilion River. The
potentiometric gradient in the slag (Unit I) is very flat. This flatness is reflective of the
high hydraulic conductivity of the unit as opposed to the absence of flow. The
potentiometric gradient in the green shale (Unit III) away from the plant is fairly flat.
This is reflective of the low rate of recharge and discharge and of the flat topography. In
the spring, when infiltration is high due to rain and snowmelt and evapotranspiration is
low, the potentiometric gradient in Unit III is expected to be significantly higher.

Darcy's Law expresses an ideal relationship between the potentiometric gradient, the
hydraulic conductivity, and the rate of groundwater flow under non-turbulent
conditions:

Q = KAi

where Q is the rate of flow, K is the hydraulic conductivity, A is the unit cross-sectional
area perpendicular to flow, and i is the hydraulic gradient. By dividing A into Q, the
Darcy Flow Velocity (V) is obtained. The Darcy Flow Velocity indicates the general
rate of water flow through a large volume of rock, as opposed to specific rates of flow
through individual pores. Groundwater flow rates were estimated for Units II and III
using this relationship as follows:

¢ At Monitoring Well G-02, the potentiometric gradient in Unit 11l is mapped as 8
percent (see Figure 4) and the hydraulic conductivity was estimated by slug
testing to be about 4.1 x 10® cm/s. * From these values, the overall rate of
groundwater flow at Monitoring Well G-02 should be approximately 0.3 ft/yr.

¢ At Monitoring Well G-04, the potentiometric gradient in the coarse till aquifer
(Unit II) is mapped at 3 percent (see Figure 4) and the hydraulic conductivity
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was estimated by slug testing to be about 2.7 x 10” cm/s. From these values, the
overall rate of flow at Monitoring Well G-04 should be approximately 78 ft/yr.

e At Monitoring Well G-05, the potentiometric gradient in the shallow fill aquifer
(Unit 1) is mapped at 4 percent (see Figure 4) and the hydraulic conductivity
was estimated by slug testing to be about 2.1 x 10° cm/s. From these values, the
overall rate of flow at Monitoring Well G-05 should be approximately 90 ft/yr.
Based on this information, the average groundwater flow rate for Unit II is 84
ft/yr.
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3. CURRENT UNDERSTANDING OF THE NATURE AND EXTENT OF
CONTAMINATION
3.1 Introduction

This section briefly summarizes the TLR’s review of previous OU1 investigations. The
TLR discusses the site characterization findings in detail, with an independent review of
the results of each investigative scope. In contrast, for the purposes of this Work Plan,
all data will be treated as one comprehensive data set and will be further reviewed as
such in Section 4. Section 3 primarily describes the chronology and rationale of each
historical investigative scope with a brief, overall summary of all findings as discussed
in the TLR. For a detailed discussion of each investigative scope and a detailed review
of characterization data tables, the reviewer is referred to the TLR. In Section 4, a more
advanced analysis of the chemistry data is presented to support the development of a
CSM and a strategy for RI characterization of QU1.

3.2 Chronology and Rationale of Historical Investigations

Soil, slag, groundwater, surface-water, and sediment samples have been collected at
OU1 as part of prior investigations conducted by Geosyntec and Illinois Environmental
Protection Agency (IEPA). Figures 5a and 5b present an overview of the investigations
by showing the locations of sampling efforts associated with these investigations. The
investigations and their purpose are described as follows:

o Preliminary Assessment Report (Carus): The CERCLA Preliminary
Assessment Report was prepared by the [EPA following placement of the Carus
main plant area in the Comprehensive Environmental Response, Compensation
and Liability Information System (CERCLIS) in May 1991. The purpose of the
Preliminary Assessment Report was to conduct an initial evaluation of the site
and recommend to the USEPA a priority for conducting additional investigations
as part of the CERCLA process. No environmental samples were collected
during this effort.
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e Screening Site Inspection (Carus): A CERCLA Screening Site Inspection
(SSI) was conducted in 1991 by the IEPA for the Carus main plant area, which is
now included in OU1. The purpose of the SSI was to: (i) collect additional data
in order to perform a preliminary Hazard Ranking System (HRS) site score; (it)
establish priorities among sites most likely to qualify for the National Priorities
List (NPL); and (iii) identify the most critical data requirements for any further
investigation, if necessary. The scope of work conducted as part of the SSI
included the collection of four surface soil samples, one background surface soil
sample, eight sediment samples, three groundwater samples from on-site
monitoring wells, and one background groundwater sample.

o Preliminary Site Investigation (Carus): The Preliminary Site Investigation
(PSI) was conducted by Geosyntec at the Carus main plant area in October 1992.
The objectives of the PSI were to: (i) assess chemical constituents contained
within the soil, sludges, and groundwater; (ii) examine visually the subsurface
materials; (iii) collect soil samples for laboratory analysis; and (iv) install
additional groundwater monitoring wells. The scope of work conducted as part
of the PSI included the following: (i) advancement of 16 soil borings for visual
classification and analytical sampling; (ii) installation of two groundwater
monitoring wells; (iii) collection and laboratory analysis of soil and sediment
samples from the Little Vermilion River and the holding pond; (iv) collection of
five unfiltered groundwater samples from the two newly installed monitoring
wells and three existing wells (those sampled during the IEPA SSI in November
1991); (v) measurement of water levels in monitoring wells to evaluate
groundwater flow; and (vi) performance of a single well aquifer test (slug test) in
a monitoring well located within the slag-deposit area east of the railroad
embankment.

e 1993 Investigation (Carus): The investigation in November of 1993 was
conducted by Geosyntec at the Carus main plant area to: (i) evaluate the
constituents at three locations of the site, including concentration and extent; (ii)
assess the data to more accurately depict the hydrogeology; (iii) investigate and
identify potential migration pathways; (iv) obtain the data necessary to develop
an action plan; and (v) satisfy requirements of the Illinois Pre-Notice Site

FR1093/JR60270_Work Plan (Revision 1).doc 23



Geosyntec o MATTHIESSEN AND HEGELER ZINC COMPANY SITE
WORK PLAN

consultants o
Revision 1

Cleanup Program. The scope of work conducted as part of the November 1993
investigation included the following: (i) advancement of 18 soil borings; (ii)
completion of three of the soil borings as groundwater monitoring wells; (iii)
performance of a water supply well exposure survey; (iv) evaluation of existing
groundwater monitoring wells; (v) slug testing; (vi) water level measurements;
(vi1) soil sampling and analysis; (viii) surface-water sampling and analysis; and
(ix) groundwater sampling and analysis. The water supply well exposure survey
included the following activities: (i) conducting interviews with various
individuals who were familiar with water use in the area (including the Mayor of
LaSalle, the City Engineer, and the Director of Public Works); (ii) reviewing
utility system maps; and (iii) evaluating well construction reports.

e 1994 Investigation (Carus): Geosyntec continued its investigation in 1994,
The purposes of the 1994 investigation included: (i) characterization of the
nature and extent of chemical constituents in the portion of the slag pile in OU1
on Carus property; (i1) evaluation of the impacts on groundwater and the Little
Vermilion River; (ii1) identification of the potential sources of any such impacts;
and (iv) satisfaction of the requirements of the Pre-Notice Site Cleanup Program.
The scope of work included the following elements: (i) a site inspection; (ii)
evaluation of the holding pond; (iii) meteorological assessments; (iv) surface-
water sampling in the Little Vermilion River and analysis; (v) sediment
sampling and analysis in the Little Vermilion River; (vi) advancement of 18 soil
borings, and soil sampling and analysis, principally in the slag pile; (vi1)
installation of 10 piezometers; (viil) water-level measurements; (ix) slug and
pump tests; and (x) groundwater sampling and analysis.

e Preliminary Assessment Report (M&H Zinc Company Site): The CERCLA
Preliminary Assessment Report was prepared by the I[EPA in 1994 following the
CERCLA Screening Site Inspection of the Carus Site conducted in November
1991, at which IEPA noted large piles of slag material. The report provided an
operational and regulatory history of the M&H Zinc Company and summarized
the findings of the site visit. Groundwater, surface-water, air, and soil migration
pathways were discussed. No environmental samples were collected during this
effort.
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Integrated Site Assessment (M&H Zinc Company): The CERCLA Integrated
Site Assessment was conducted in December 1993 by IEPA to “help
characterize the nature of sources, and to determine if these sources had
impacted nearby human populations or the environment”. Investigative
activities of the IEPA sampling team included: (i) collection of four sediment
samples from the Little Vermilion River; and (ii) collection of eight soil
samples. Of the eight soil samples, three were collected from the slag pile
located within OU1. In addition, thirteen soil samples were collected off-site at
residences near the Site.

Summary of Investigative Findings

The following conclusions are based on all of the data collected and observations noted
during the investigations conducted to date on OU1:

Slag material associated with past smelting operations (M&H Zinc Company)
was placed within the Little Vermilion River Valley and encroaches upon and has
changed the course of the Little Vermilion River. The M&H Zinc Company
generated and placed these materials prior to acquisition of the property by Carus.

Slag material (and groundwater within the slag) is likely to be at least partially
in direct contact with the surface water in the Little Vermilion River. The
groundwater within the slag discharges to the Little Vermilion River.

Groundwater within the slag and the alluvium of the Little Vermilion River is
isolated from the deeper aquifer by more than 1,000 ft of alternating layers of
low permeability shales and limestones. This groundwater is distinct from the
shallow perched groundwater in the Carus manufacturing area.

The sinter and slag areas are the primary sources of chemical constituents in the
environment at OU1. The data indicate that metals are more broadly distributed
and at higher concentrations relative to media screening values than are organic
chemicals whose presence is sporadic.
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e Impacts to soils located within OU1 may include arsenic, chromium, iron, lead,
and manganese (based on totals data), as well as zinc and cadmium (based on
Toxicity Characteristic Leaching Procedure (TCLP) data).

e The sinter and slag source areas appear to have had only a very minor impact on
groundwater at the site due to the low leaching potential and immobility of the
constituents bound in the sinter/slag matrix. The sand and gravel aquifer below
the site has only been minimally affected.

e Relatively minor impacts to groundwater quality with respect to human health
screening criteria have been detected in monitoring wells screened within the
slag pile. These impacts primarily include aluminum, arsenic, cadmium,
chromium, iron, lead, manganese, nickel, and zinc.  These elevated
concentrations may be associated with turbidity of groundwater samples, and
may not reflect the mobility of the constituents in groundwater.

e An isolated area of elevated levels of benzene, toluene, ethylbenzene, and
xylene (BTEX) in groundwater were identified (November 1993) in the extreme
northeast corner of the Carus main plant area. These impacts are believed to be
associated with miscellaneous spills from a former above-ground storage tank.

o Elevated levels of metals are present within the slag. From the standpoint of the
potential for exposure of chemicals to humans through direct contact, the slag
pile is located in a low-traffic area and site access is controlled by fencing and
periodic patrols by off-duty police officers.

¢ Elevated levels of organiés and metals were measured within sediment samples
collected from the holding pond. Results for these samples were evaluated with
respect to ecological screening criteria. Impacts to sediment include elevated
levels of arsenic, cadmium, chromium, copper, lead, mercury, nickel, zinc,
acetone, anthracene, arochlor 1254, benzo(a)anthracene, benzo(a)pyrene,
benzo(k)fluoranthene, bis(2-ethylhexyl)phthalate, chrysene, fluoranthene,
phenanthrene, and pyrene. The polynuclear aromatic hydrocarbons (PAHs) may
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be related to the mining and use of coal historically in industrial operations at
and surrounding the site.

o Elevated levels of metals were measured within some of the surface-water and
sediment samples collected from the Little Vermilion River. Results for
samples collected in the river were evaluated with respect to ecological
screening criteria. Impacts to sediment include elevated levels of arsenic,
cadmium, copper, cyanide, lead, mercury, nickel, and zinc. Impacts to surface
water include elevated levels of cyanide, iron, lead, mercury, and zinc. The
types of metals and the concentrations observed may indicate potential impacts
to the Little Vermilion River from the presence of slag. The RI/FS will evaluate
the potential for interaction between the slag pile and the river, as discussed in
Section 7 of the Work Plan.
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4. CONCEPTUAL SITE MODEL
4.1 Introduction

Historical data indicate that both organic and inorganic constituents present in site
media may pose a risk to human and/or ecological receptors. While both broad classes
of constituents will be investigated as part of the RI/FS, it is evident from the data
summary discussed in Section 3 that metals are of greater significance than organics.
The detection of all 23 Target Analyte List (TAL) metals in site media is complicated by
the fact that the characteristics of transport and bioavailability of metals will vary
considerably from one metal to another. In some cases, two metals will undergo similar
changes in transport characteristics when subjected to a given geochemical change,
whereas in other cases, two metals may undergo opposite behavior and hence be in
conflict. A thorough understanding of the implications of baseline metals presence is
not possible without a consideration of the geochemical mechanisms that control metals
fate and transport. Even more importantly, any consideration of potential remedial
actions must consider the effect of geochemically-driven changes to metals behavior
that may, in turn, stem from the remedy.

Given the wealth of existing data and the complexity of metals geochemistry and risk
assessment, Section 4 draws on a more detailed and structured method of data analysis
to focus consideration on the most important site concepts by: (i) seeking the highest
priority constituents of potential concern (COPCs); and (ii) identifying dominant trends
of constituent presence and transport characteristics. Key components of this analysis
include the following:

e development of a physical CSM that graphically presents the interrelationships
"~ between process areas, OUl media, transport mechanisms, and potential
receptors;

e submedia analysis, whereby analytical data from a given OUl medium (e.g.,
solid samples) are screened against risk-based standards according to medium
subcategories (e.g., fill, gravel, surface soil, rock, and slag) to examine in more
detail the effect of sample matrix on concentration;
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o preliminary metal priority ranking, whereby the results of the submedia analyses
are used to identify the most significant metal constituents from the perspective
of human health and ecological risk;

o preliminary discussion of metals geochemistry, in which the high-priority metals
described above are examined with respect to geochemical characteristics to
identify the most critical factors controlling metals fate and transport;

e adiscussion of the occurrence of organic constituents of concern; and
e adiscussion of transport pathways relevant to the RI/FS risk assessment.

Note that the submedia analysis and priority ranking for metals presented herein does
not replace formal data screening for the human health and ecological risk assessment
proposed in Section 7, nor is it used to prematurely reduce any investigative scope.
Instead, it is presented to provide a framework for priority ranking of metals to be used
throughout the RI/FS to focus higher-level analysis, including geochemical modeling,
toxicological literature review, and detailed remedy considerations, on those metals that
present the greatest overall risks on site. Due to the ubiquity and background presence
of numerous metals as well as their potentially conflicting geochemical behavior, it is
anticipated that remedy decisions will require trade-offs among the degree of
management of individual metals. Hence, the establishment of such priorities to support
such decisions may be beneficial as the RI/FS process unfolds.

4.2 Physical Conceptual Model

Figure 6 depicts the current understanding of the interrelationships between the major
physical features of OU1 (i.e., the upland process areas, slag pile, and Little Vermilion
River). This figure conveys, in simple terms, the major transport mechanisms for the
Site. It draws upon the findings of the historical investigations summarized in the TLR,
as well as observations from recent site reconnaissance. In evaluating the data from
historical investigations, we have grouped the data by medium to support the
establishment of priorities for the metals under investigation as part of the RI/FS.

Key conceptual elements that should be noted from Figure 6 are listed below:
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Solid matrices can be divided into several general categories, including surface
soil, gravel, fill derived from native material, sinter, slag, and alluvium. Most of
these media (a clear exception being the alluvium) are present hydraulically and
topographically upgradient of the slag pile; hence, one would not expect that
chemical impacts to these media would have resulted from the slag pile.

A well-vegetated strip of ground is evident in limited areas at the base of the slag
pile immediately adjacent to the river. This may be the result of overbank
deposits from past flood events. While this does not likely preclude
groundwater flux from the slag pile to the river, it does suggest the potential for
a geochemical transition zone between the slag and the river. Neither the
continuity, thickness, nor chemical characteristics of these deposits are well
understood at present.

Physical transport of sediment and slag within the Little Vermilion River could
be a major transport mechanism and should be further investigated during the
RI. The River Characterization Program discussed in Section 7.3 of the Work
Plan presents a phased approach to evaluate physical transport of sediment and
slag within the Little Vermilion River. The first phase of the program includes
physical mapping of sediment and slag depositional areas along the site
boundary and downstream of the site. The mapping will extend to the
confluence of the Little Vermilion and Illinois Rivers. Based on the first phase
of sampling, additional phases will be conducted, as necessary, to evaluate
impacts from the M&H Zinc Company Site to the Little Vermilion River.

Sediment within the Little Vermilion River may have been impacted by historic
operations from the M&H Zinc Company, as well as by slag located within
OUl. These sediments may be transported by river flow and eventually
redeposited downstream of the site within the riverbed or within floodplain of
the Little Vermilion River. Sediment sampling will be investigated in a phased
manner during the RI, focusing first on areas near the site, as well as upstream of
the site to establish background.
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Slag from the slag pile located adjacent to the Little Vermilion River has the
potential to erode into the river and be transported downstream. The slag
observed within the river varies considerably in size from small slag pebbles to
large boulders several ft in diameter. Once slag has eroded into the river, the
distance the slag travels downstream from the point of entry is influenced by
many factors, including particle size and river velocity. Larger slag boulders are
anticipated to be located closer to the site than fine-grained sediment. Smaller
particles can be more easily transported downstream. During the initial phase of
the River Characterization Program, the deposition of slag within the Little
Vermilion River will be mapped to the confluence with the Illinois River.

The implications of these conceptual elements are discussed in subsequent portions of
Section 4. There are two additional issues related to the physical CSM, including: (i)
drinking water exposure pathways; and (ii) overland surface-water flow.

Drinking Water Exposure Pathways: This issue was explored in the 1993
Investigation (Section 3). In concept, there are three possible pathways to drinking
water exposure: (i) private wells screened in Pleistocene till; (ii) public supply wells for
the City of Peru screened in lower Paleozoic formations; and (ii1) public supply wells
for the City of LaSalle screened in Illinois River alluvium.

Based on the results of the water supply well exposure survey, it was concluded that
there 1s little potential for human exposure to groundwater through private wells. This
inference is based on the distance of private wells from the Carus main plant area
(within two miles of the site, there were no known wells located within the sands and
gravels of the Pleistocene drift) and the differentiation between the hydrostratigraphic
units that supply the private wells from those of the OU1 flow system. Specifically,
private wells at distances greater than two miles from the site are supplied by water
withdrawn from sands and gravels within the Pleistocene drift. While generally
regionally extensive, it is largely absent from OU1 due to post-Pleistocene erosion, with
the exception of an isolated remnant present in the northeastern corner of the Carus
main plant area. The only areally extensive unconsolidated medium at the Carus plant
is residuum developed from the weathering of exposed Pennsylvanian bedrock; aquifer
hydraulic testing demonstrated that the hydraulic conductivity of the residuum is two
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orders of magnitude less than that of the Pleistocene deposits. Hence, it is unlikely to
serve as a significant transport mechanism toward private wells. In addition, a
memorandum of understanding between IEPA and the City of LaSalle entered into in
2002 and related City of LaSalle ordinances (Ordinance No. 1084, adopted 1985,
Ordinance No. 1474, adopted 1994, and Ordinance No. 1755, adopted 2002) prohibit
the drilling of any new water supply wells in areas within 300 ft of a city public water
supply system water main.

It is IEPA policy that such ordinances can be used as an institutional control if either of
the following conditions is valid: (i) contamination will remain within the geographic
extent of the area governed by the ordinance, or (ii) the ordinance is effective
throughout a 2,500 ft buffer from a site. To assess the validity of this condition, Figure
7 presents a comparison of the extent of OUl and the LaSalle corporate limits as
provided by the City of LaSalle’s website. A 2,500 ft buffer around the perimeter of
OU1 is shown.

Figure 7 indicates that four parcels of unincorporated land lie within the 2,500 ft buffer
of OU1l. However, three of the four parcels are located east of the Little Vermilion
River, across the river from the site source areas. This suggests that a groundwater
divide is present between the site and the unincorporated areas. The fourth area is on
the same side of the river as OU1 but is located approximately 3,000 ft upgradient of
OUL.

Based on these analyses, it is reasonable to conclude that the LaSalle groundwater
ordinance can be used for institutional controls to protect drinking water receptors.

The City of Peru supply wells are screened in an interval approximately 2,000 ft below
the shallow zones of impacted groundwater in OU1. As discussed in the 15 December
2006 OUI1 scoping meeting, this does not appear to be a complete pathway.

The Illinois River alluvium that serves the City of LaSalle supply wells may be in
contact with Little Vermilion River alluvium at the Site; hence, this pathway may be
viable, although dilution is likely to play a significant role as the groundwater within the
Little Vermilion River alluvium flows into that of the 1llinois River.
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Overland Surface-Water Flow: Surface runoff water can pick up soil (or slag)
particles and transport these in overland flow for deposition at a lower land elevation or
deliver sediment to receiving waters, such as the Little Vermilion River. Surface runoft
water can also pick up dissolved parameters from contaminated soils and deliver
impacted water to receiving waters as a nonpoint source of pollution. A land area which
produces runoff draining to a common point is called a watershed. A surface-water
basin analyses, as described in Section 7.8 of the Work Plan, will be conducted during
the RI to evaluate contributing areas and drainage pathways for OU1 and OU2 as
potential physical transport mechanisms of concern at the site. Site reconnaissance
indicates that there are limited areas within OU1 where surface water accumulates due
to poor drainage or topography. One exception is noted to the north of the emergency
bypass pond, and this area will be investigated during the RI.

4.3 Submedia Analysis and Preliminary Metals Priority Ranking

In order to more precisely understand the nature of potential source areas, solid matrix
and groundwater data were categorized by submedia to the greatest extent possible
through a review of boring and well installation information. Samples were categorized
as one of eight possible submedia (alluvium, fill, road gravel, shale, sinter, slag, surface
soil', and till) based on the submedium sampled (in the case of solid samples) or the
submedium in which a monitoring well is screened (in the case of groundwater
samples.) Using these categories, the analytical data were screened against risk-based
standards with summary information computed for each submedium and screening
scenario. As indicated in the introduction, the screening is not performed to determine
COPCs for the upcoming risk assessment or lead to premature risk management
decisions; it is only performed to support the preliminary determination of priorities for
metals. When the baseline human health and ecological risk assessments are performed,
all metals and all nonmetals will be treated with equal weight in the screening stages.
Tables 2a through 2d present the results of the submedia analysis.

The following four bullets present the six screening scenarios considered:

! Surface soil was used for IEPA SSI samples for which the soil type is unknown.
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* Solid Matrix (soil, slag, etc.): Human health scenario using Region 9 Industrial
Preliminary Remedial Goals (PRGs) and ecological scenario using Region 5
Ecological Screening Levels for soil;

¢ Groundwater: Human health scenario using Region 9 PRGs for tapwater and
ecological scenario using Region 5 Ecological Screening Levels for surface
water with a 10 x dilution factorz;

e Sediment: Ecological scenario using Region 5 Ecological Screening Levels for
sediment; and

o Surface Water: Ecological scenario using Region 5 Ecological Screening
Levels for surface water.

Tables 2a through 2d present the submedia analysis results. Each table cell provides
basic summary statistics of the screening of all available data for a given metal in a
given submedium against a given screening value (if available). The summary statistics
indicate the number of records that exceed the standard, the number of detections, the
total number of records, the arithmetic average value, and the maximum value. In
addition, the cells are color-coded to give a visual sense of: (i) the risk priority of the
submedium; and (i1) how the submedium compares to other submedia for the given
metal.

The tables also designate, for each of the six screening scenarios, “high priority” and
“medium priority” metals. In general, the designations are correlated with the risk
categories. However, in some scenarios, the risk categorization of the slag data with
respect to other submedia is considered. If the slag data and several other submedia data
are all classed as “higher risk,” then background conditions may play a role in the

? Groundwater data are not commonly screened against ecological screening values; however, this was
performed for OU1 due to the focus on potential groundwater discharges from the slag to the river. The
groundwater data were screened against Region 5 Ecological Screening Levels for surface water with a
tenfold dilution factor applied. This factor is commonly used for screening the groundwater-surface water
pathway when evaluating Resource Conservation Recovery Act Environmental Indicators (RCRA Els.)
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presence of the metal; in such cases, the metal is deemed medium priority. While this
does not constitute a background assessment in the formal sense, it is useful in the
planning stages of the RI/FS to focus the attention on the metals that most clearly stem
from the slag.

Table 3 summarizes the priority designations for each of the 23 TAL metals in all six
risk scenarios considered. The priority designations for each metal are summed across
all six scenarios to compute an overall priority score; these overall scores are used to
rank the 23 metals from the standpoint of overall priority. The rankings are shown on
the right side of the table. The top 15 metals on the list, in decreasing order of priority,
are zinc, lead, mercury, arsenic, cadmium, nickel, chromium, copper, manganese, silver,
antimony, beryllium, iron, selenium, and thallium.

Figures 8a through 8o have been prepared to present multimedia data for each of the 15
metals identified. The figures present data in all media (i.e., solid, groundwater,
sediment, and surface water) for a given metal on one figure. TCLP data are also
included where available. The figures do not depict vertical variability; instead, they
show the maximum value detected at a given sampling location. The figures are
designed to condense a considerable amount of data drawn from multiple media for a
given metal into one comprehensive figure. As an example of how to interpret the
figures, the reviewer is referred to Figure 8o for zinc. The location P-1 at the northern
end of the slag pile has data for soil, groundwater, and TCLP sampling. The soil data
are represented by the orange symbol at the lower right corner. The legend indicates
that the soil concentration is in the range of 1,010 to 23,000 mg/kg (the actual maximum
at that location is 8,860 mg/kg). The groundwater data are represented by the lower left
corner of the symbol; the legend indicates that the concentration is in the range of 501 to
831 mg/L (the actual value is 831 mg/L). Finally, the red diamond in the middle of the
symbol indicates that the TCLP concentration is in the range of 101 to 662 mg/L (the
actual value is 662 mg/L).

It should be noted that the data screening and priority ranking method described in this
section has not been performed to prematurely eliminate any metals from consideration.
All TAL metals will be included in the analytical testing program for the RI/FS and will
be duly considered during risk assessment. Instead, the priority ranking process is

FR1093/JR60270_Work Plan (Revision 1).doc 35



Geosyntec D MATTHIESSEN AND HEGELER ZINC COMPANY SITE
WORK PLAN

consultants Revision 1

useful for Section 4.4, in which the effects of geochemical conditions on the 15 priority
metals are discussed.

4.4 Discussion of Metals Geochemistry

As briefly noted in Section 4.1, the processes that dictate metals fate and transport are
complex and vary markedly from one metal to the next. In many cases, metals behavior
may be in conflict, whereby conditions that promote the attenuation of one metal may
further mobilize a different metal. A key component of the OUl RI/FS entails
developing a thorough understanding of the transport characteristics of metals. The
conceptual model development, refined data screening, and priority determination
discussed in the previous sections were performed in part to simplify, to the greatest
extent possible, the range of metals transport considerations by focusing attention on the
most significant metals. This section provides a detailed discussion of the geochemical
processes that affect the mobility of the 15 priority metals identified in Section 4.3.

4.4.1 Characteristics of Individual Metals

This section provides a description of the general behavior of the 15 aforementioned
metals. The effects of numerous factors are noted, including the following;

e pH and oxidation-reduction potential (ORP) (i.e., Eh or redox conditions),
commonly referred to as the “master variables” due to their broad-ranging
effects on metals mobility;

¢ multiple valence states (e.g., trivalent and hexavalent chromium);
¢ the presence of anions, such as carbonates, sulfide, sulfate, and chloride;

e the status of the metal as either a cation or anion (the latter condition tends to
increase mobility);

¢ the presence of organic matter; and

e interactions with other metals, chiefly iron, manganese, and aluminum.
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Most of the background information is provided by Adriano (2001).
44.1.1 Antimony

Antimony is commonly associated with nonferrous deposits and is emitted to the
environment during the smelting of these ores. Antimony exhibits similar geochemical
behavior to that of arsenic. Therefore, it is more mobile under reducing conditions as
well as higher pH conditions. It is furthermore mainly associated with iron and
aluminum oxides and oxyhydroxides and forms stable sulfide compounds.

4.4.1.2  Arsenic

Arsenic is a redox-sensitive metalloid (i.e., it has properties of both a metal and a non-
metal). In its reduced form (i.e., arsenite(Ill)) arsenic is more mobile and more toxic
than in its oxidized form (arsenate(V)). Arsenate(V) is generally better-retained by soil
surfaces than arsenite(Ill). Reducing conditions also lead to the reductive dissolution of
iron and manganese oxides and oxyhydroxides, which can lead to arsenic mobilization.
Unlike many trace metals, arsenic (in the form of arsenate(V)) is generally more soluble
and mobile under alkaline conditions. Similar to other trace elements, arsenic is more
mobile and bioavailable in sandy soils compared to finer-textured soil.

4.4.1.3 Beryllium

In the natural environment, beryllium is mainly found in association with silicate
minerals. Coal combustion is the primary environmental source of beryllium. It occurs
as the divalent cation Be?", which readily complexes with organic matter. In this form,
it is relatively immobile and may accumulate in surface soils. However, its inorganic
complexes, such as BeCl, and BeSQO,, are fairly soluble and mobile. Under alkaline
conditions, BeO is the main stable species. Like many other trace metals, beryllium is
more mobile under acidic conditions.

4.4.1.4 Cadmium

Similar to lead, the pH of soils, sediments, or groundwater is the single most important
factor affecting cadmium mobility. Acidic conditions favor cadmium solubility and
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bioavailability. Higher pH conditions favor increased adsorption of cadmium to oxides
and oxyhydroxides of iron, manganese, and aluminum, as well as to clay minerals and
organic matter. These conditions are also conducive to the formation of sparingly
soluble carbonates, hydroxides, and phosphates. While cadmium is not a redox-
sensitive metal, low redox potential generally leads to the formation of insoluble
cadmium sulfides. Cadmium forms a variety of complexes and chelates. If organic
acids (e.g., humic and fulvic acids) are naturally abundant, cadmium can be quite
mobile due to the formation of soluble metal-organic complexes. However, under non-
acidic conditions and the presence of solid organic matter, cadmium is generally quite
immobile in the terrestrial environment.

44.1.5 Chromium

Chromium is a redox-sensitive trace metal. Its solubility, mobility, and toxicity are
mainly affected by pH and redox potential. Chromium essentially behaves in an
opposite manner compared to arsenic (i.e., it is more toxic and mobile under oxidizing
conditions). While the reduced form Cr(1ll) is relatively benign, Cr(VI) is fairly mobile
and toxic. These two oxidation states are the main forms of chromium in the natural
environment. Reduction of Cr(VI) to Cr(lll) appears to occur mainly under acidic
conditions. Under very acidic conditions (i.e., around pH 2.5), Cr(Ill) is fairly mobile,
while it precipitates out at pH conditions above 4.5. In comparison, hexavalent
chromium, appears to be more mobile under neutral to alkaline conditions, since Cr(VI)
adsorption decreases with increasing pH. Hexavalent chromium is present as an anion
(thus the higher mobility), while Cr(lll) exists mainly as a cation. Soluble organic
matter can serve as a chelating agent for Cr(Ill), as well as an electron donor for the
reduction of Cr(VI). Iron and manganese oxides play an important role in chromium
chemistry. Manganese oxides provide both adsorption sites for chromium retardation,
as well as serve as electron acceptors to allow the oxidation of Cr(IIl) to Cr(VI) to
proceed.

44.1.6 Copper

The mobility of copper is largely dependent on the pH of soils, sediments, and
groundwater. Copper solubility and bioavailability is drastically reduced at a pH above
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7, while pH conditions below 5 favor copper solubility. Organic matter has a high
sorption capacity for copper, which generally limits copper mobility. However, in its
dissolved form, organic matter (i.e., organic ligands) can also increase the leachability
and transport of copper. Similar to many other trace metals, the amount of oxides and
oxyhydroxides of iron and manganese plays an important role in the retention of copper
in soils and/or aquifer matrices. Copper can also form sparingly soluble carbonates and
hydroxides, and under reducing conditions, copper sulfides.

44,17 TIron

As previously mentioned, iron and manganese are frequently associated with each other
in natural environments. Like manganese, iron is more soluble and mobile in its
reduced form (i.e., Fe(Il)) than in its oxidized form (i.e., Fe(Ill)). In its oxidized form
(ferric iron, Fe(Ill)), iron readily precipitates as oxides, oxyhydroxides, and carbonates,
which are immobile species. In its reduced form (ferrous iron, Fe(Il)), iron is soluble
and mobile. However, in the presence of sulfide, iron precipitates as iron sulfides (FeS
and FeS;), which are immobile unless re-oxidized. Quite frequently, high iron
concentrations in groundwater may indicate high arsenic concentrations as well, since
arsenic gets mobilized through anaerobic dissolution of iron oxides and oxyhydroxides.

44.1.8 Lead

The pH of soils, sediments, or groundwater is the single most important factor affecting
lead mobility. Acidic conditions favor lead solubility and bioavailability. Higher pH
conditions favor the adsorption of lead to oxides and oxyhydroxides of iron, manganese,
and aluminum, as well as to clay minerals and organic matter. Furthermore, the
formation of sparingly soluble lead carbonates and phosphates under these conditions
limits lead mobility. Under very alkaline conditions, which dissolve organic matter,
and/or the presence of natural organic acids (e.g., humic and fulvic acids), lead
solubility will increase due to the formation of mobile metal-organic complexes. A low
redox potential may lead to the dissolution of iron hydroxides, which would result in
increased lead mobility, but it may also favor the formation of insoluble lead sulfides
(e.g., galena). In general, high lead concentrations are limited to surface soils, and
concentrations decrease sharply with depth.  Unless surface soils are highly
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contaminated, lead is rarely found in dissolved form in groundwater due to its generally
low solubility. If detected in groundwater, it is frequently associated with suspended silt
and clay particles.

4.4.1.9 Manganese

Manganese is a redox-sensitive trace metal. Its chemical behavior is similar to iron, and
the two elements are frequently associated with each other in natural environments.
Manganese geochemistry is quite complex; it can exist in several oxidation states, with
the oxidation states of II, IV, VI, and VII being the most stable. Manganese minerals
are widely distributed, with the most common ones being the oxides, carbonates, and
silicates. Divalent manganese (i.e., Mn(ll)) is very stable and mobile under acidic
conditions, while MnQO is stable under more alkaline conditions. Manganese does not
form complexes with ligands as readily as other trace elements. The pH is the most
important variable affecting manganese mobility. However, the redox potential of a
natural matrix is also very important; the reduced form of manganese is more soluble
and (bio-)available. Reducing conditions can create toxic Mn®" levels in soils. Under
more aerobic conditions, manganese precipitates out as sparingly soluble oxides,
oxyhydroxides, and carbonates. Furthermore, manganese is strongly sorbed by organic
matter, which also limits its mobility.

4.4.1.10 Mercury

Mercury. mobility is strongly affected by pH and redox conditions. Furthermore,
mercury undergoes complexation with many organic and inorganic ligands in natural
systems. Mercury speciation strongly depends on pH and chloride concentrations.
Under acidic conditions and the presence of chloride, the poorly adsorbed mercury
species HgCl, is predominant. Mercury is also strongly chelated by soil organic matter,
which can either lead to immobilization, or to mobilization under conditions that favor
the dissolution of organic matter (e.g., high pH conditions). Under low redox
conditions, mercury may be immobilized by precipitation of mercury sulfides (e.g.,
cinnabar). However, under sulfate-reducing conditions, mercury can be methylated,
which is the most toxic and bioaccumulative form of mercury.
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4.4.1.11 Nickel

As with most trace metals, nickel mobility is mainly governed by pH and its effect on
nickel sorption onto oxides and oxyhydroxides of iron, manganese, and aluminum. The
pH also influences the precipitation of nickel with other compounds, such as phosphates
(e.g., at pH values >7). Similar to copper and many other trace metals, organic matter
has a high sorption capacity for nickel, which generally limits its mobility. However, in
its dissolved form, organic matter (i.e., organic ligands) can also increase the
leachability and transport of nickel. Under reducing conditions, nickel can form a
variety of sparingly soluble sulfides that limit its mobility under these conditions.

4.4.1.12 Selenium

Like arsenic, selenium is a metalloid, and it exhibits similar geochemical behavior to
that of sulfur. Selenium mobility is mainly affected by pH, redox potential, and content
of organic matter and oxides. Selenium is a redox-sensitive element, and the most
important oxidation states are -II, 0, IV, and 1V. The most common ions in natural
environments are selenite (Se0;>) and selenate (SeO42'), both of which are oxidized
species that are highly water soluble. Selenite is the predominant mobile inorganic form
of selenium in humid regions. Its mobility is mainly controlled by adsorption onto
hydrous sequioxides, such as gibbsite and goethite. Selenite is generally better adsorbed
than selenate, which renders it less mobile than selenate. Elemental selenium (SeO) 1s
much less water soluble and mobile than the oxyanions. Elemental selenium is easily
oxidized to selenite and further to selenate. Therefore, in well-aerated, alkaline
environments, selenium (in the form of selenate) is quite mobile and (bio-)available.
The solubility of selentum is low under slightly acidic to neutral conditions.

4.4.1.13 Silver

In natural environments, silver is mainly found as sulfides in association with iron, lead,
and gold. While silver is one of the most toxic heavy metals to microorganisms, it is
considered relatively harmless in the terrestrial environment since it readily forms
insoluble compounds. Silver is most toxic in its ionic form (Ag"), while it is less toxic
when it forms complexes with chloride and dissolved organic carbon (DOC). It forms
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very stable complexes with sulfides, halides, and thiosulfates. Within a narrow range of
oxidizing conditions (between about +300 mV to +400 mV), Ag’ is the predominant
form across a wide range of pH conditions. Below that redox range, silver is mainly
stable in its elemental form (Ag") and as sulfides (AgS). High chloride concentrations
(e.g., in seawater) generally diminish silver toxicity through the formation of stable
AgCl, complexes.

4.4.1.14 Thallium

The primary oxidation state of thallium is I; however, it can also occur as thallium(III).
Its geochemical behavior is similar to alkali metal cations. It is concentrated in certain
sulfides, and deposits high in arsenic are often also high in thallium. Most thallium
compounds are volatile to a certain degree and tend to be enriched in dust. Thallium is
quite toxic to organisms at small concentrations, and there is a potential for thallium to
become biomethylated in the environment. Within a soil environment, thallium is not
very mobile, and only trace amounts of thallium should be expected in groundwater.
Under oxidizing conditions, fairly stable and immobile thallium oxides are formed. In
general, thallium will be more mobile and (bio-)available under acidic conditions.

4.4.1.15 Zinc

Zinc mobility and bioavailability is mainly governed by pH. As with many trace metals,
zinc solubility is higher under more acidic conditions. Alkaline conditions favor
adsorption of zinc to oxides and oxyhydroxides of iron, manganese, and aluminum, as
well as to clay minerals and organic matter. Organic matter appears to play a more
important role on zinc adsorption as compared to the hydroxides. Under low redox
conditions, zinc may form insoluble sulfides. Naturally-occurring chelating agents, such
as many organic acids, can increase the solubility and mobility of zinc.

4.4.2 Summary of Geochemical Controls for Priority Metals

Figure 9 presents a summarized schematic chart of the behavior of the 15 priority
metals. While the preceding briefings in Sections 4.4.1.1 through 4.4.1.15 indicate that
numerous variables play a role in metals mobility and bioavailability, the two “master
variables” of pH and ORP have the greatest control. Hence, the generalized behavior of
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the 15 metals is displayed as a function of pH and ORP in Figure 9 to graphically depict
the general behavior of the metals.

The most striking conclusion that can be drawn from the figure concerns the effect of
pH. Acidic conditions exacerbate the impacts of virtually every priority metal listed.
The effect of ORP is less dominant and tends to be conflicting. For example, oxidizing
conditions tend to mobilize mercury, chromium, silver, and selenium, whereas reducing
conditions tend to mobilize arsenic, manganese, antimony, beryllium, iron, and
thallium. The remaining five metals (lead, zinc, cadmium, copper, and nickel) are
generally insensitive to ORP. It is worth noting that these five metals are some of the
highest priority metals observed in historical data.

Figure 10 displays a synoptic series of pH and ORP data in groundwater, measured
during the 1994 investigation. It is shown to explore the potential for spatial trends in
geochemistry that may control metals mobility. ORP values are generally moderate
with few noticeable spatial trends, although a group of three mutually proximal wells
(MW-2, P-17, and P-18) at the eastern and northeastern edge of the holding pond
suggest a localized area of moderately depressed ORP. The pH values are generally
moderate and consistent, with one exception. P-1, an isolated well at the far northern
edge of OU1, exhibited an unusually acidic pH of 4.51. The cause of this unusual pH
reading has not yet been determined.

The potential importance of pH is, however, illustrated in a review of groundwater data
from P-1. Table 4 presents site-wide summary statistics for all groundwater data for
eight priority metals for which the groundwater sample from P-1 was tested in 1994.
The P-1 results are shown in comparison to the site-wide summary statistics to show
how the concentrations compare to other results on-site. The table shows that for three
out of eight metals (cadmium, nickel, and zinc, all of which are generally mobilized at
low pH), the P-1 concentration is the highest concentration observed on-site to date. A
fourth metal, manganese, can be mobilized at low pH and oxidizing conditions (both of
which prevail); its concentration in P-1 is the fifth-highest manganese reading in a
dataset ot 30 well samples. Four other metals (chromium, iron, lead, and mercury) do
not exhibit unusually high concentrations; however, their dependence upon pH for
mobility varies (e.g., lead is mobilized at low pH, whereas chromium is generally
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insensitive to pH). While the behavior of all eight metals in P-1 are not uniform with
respect to the expectations for low-pH conditions, in general, the data do strongly
suggest that the importance of pH predicted in Figure 9 is borne out by site data.

4.5 Vertical Distribution of Metals in Site Media

Figure 11 presents a three-dimensional view of the distributions of zinc and lead in site
media. As demonstrated in the figure, the vertical distributions of zinc and lead are
relatively homogeneous compared to data from other site media.

4.6 Occurrence of Organic Constituents of Concern and Cvanide

While much of Section 4 is devoted to a discussion of the role of metals occurrence,
fate, and transport, the observation of numerous organic constituents in the historical
characterization data warrants consideration in the RI characterization. Figures 12a
through 12d present a summary of the distribution of analytical suites in historical
sampling. Analyses for volatile organic compounds (VOCs), semi-volatile organic
compounds (SVOCs), polychlorinated biphenyls (PCBs), pesticides, and cyanide are
shown. In addition, the figures show the results of data screening using the same
criteria and screening scenarios used for the metals discussion in Section 4.3. In cases
where an analytical result exceeded one or more screening criteria, the figures show the
results with the parameter, observed concentration, and screening value.

The results of this presentation are as follows:

e Historical solid-matrix sampling (Figure 12a) included a full suite of analyses in
eight OU1 samples as a result of IEPA sampling. In addition, cyanide was
included with metals analyses in several locations, and VOC and SVOC analyses
were performed in the vicinity of the area of BTEX detections in groundwater at
monitoring well  G-04. Results included one detection each of
hexachlorobenzene, benzo(a)pyrene, two PCBs, and three pesticides; each
detection exceeded one or more criteria.

e Historical groundwater sampling (Figure 12b) included a full suite of analyses in
five monitoring wells, non-contact cooling water, and the NPDES outfall. As
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with the soil sampling, additional samples were collected for VOCs and SVOCs
in the vicinity of the BTEX detections, and cyanide samples were collected in
several locations with metals. Exceedances were limited to BTEX and
naphthalene in one location, monitoring well G-04.

¢ Historical sediment sampling (Figure 12c) entailed a full suite of analyses in ten
locations, with limited additional sampling for VOCs and SVOCs. One IEPA
SSI location (SSI-206) at the northwestern corner of the holding pond exhibited
ecological standard exceedances for several PAHs and cyanide. Additionally,
several samples in the river upstream of the slag pile and Carus main plant area
exhibited exceedances of screening values for PAHs, pesticides, and cyanide.

e Historical surface-water sampling (Figure 12d) only entailed analyses for
cyanide in addition to metals. Of the three locations, the two upstream locations
(one upstream of the M&H Zinc Company Site altogether and one near the
upstream extent of the slag pile) had cyanide concentrations exceeding the
ecological screening values.

In summary, historical characterization in all media included a limited number of
samples for which “full-scan” analyticals (VOCs, SVOCs, pesticides, PCBs, and
cyanide) were performed. In general, the data suggest that ancillary, non-metallic
constituents are present only in isolated areas in concentrations that exceed human
health or ecological screening values. No widespread trends of contamination are
observed. The only case of constituents of interest concerns pesticides in northerly
reaches of the river.

While widespread evidence of impacts has not been observed, the data do suggest the
potential for limited impacts from ancillary constituents, including BTEX compounds,
PAHs, PCBs, pesticides, and cyanide. Given site-specific circumstances, most notably
the presence of former coal mine shafts, as well as the more general tendency for
isolated pesticide and PCB presence at industrial sites, these limited impacts may be
expected.
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4.7 Potential for Asbestos Presence

The plant buildings for the Carus facility on OU1 operate under a detailed asbestos
abatement and management program according to the internal Carus plan “Operations
and Maintenance Program for Asbestos Containing Materials at Carus Corporation”
(undated). However, historical records and visual reconnaissance of the remains of
plant buildings in OU2 show widespread use of asbestos in building materials, including
transite roof materials, fireproofing, etc. Hence, there is a potential for historical
airborne deposition of asbestos fibers in OUI resulting from the demolition of OU2
buildings at the conclusion of M&H Zinc Company manufacturing operations. Because
the slag pile is the closest portion of OU1 to the core manufacturing areas of OU2, the
slag pile is the most likely area to contain asbestos fibers deposited by air. Assuming
that buildings were not demolished until after zinc production stopped, the deposited
asbestos fibers might be present in the shallow surficial material of the slag pile as
opposed to deeper horizons.

4.8 Conceptual Model Summary

While the TLR and its summary in Section 3 comprehensively present historic site
analytical data with a relatively basic data screening, the purpose of Section 4 is to
provide a more thorough analysis of existing data. This is performed by articulating the
physical CSM, screening the data with a more detailed consideration of relevant OUI
media from the CSM, and using the results of this analysis to focus the attention on the
most important constituents of concern, all of which are metals. A detailed discussion
of the role of geochemistry in metals transport and bioavailability follows; this
discussion focuses on the highest priority metals for OU1. Lastly, the status of non-
metallic constituents in OU1 media is discussed.

The central conceptual elements to carry forward into the RI/FS are the following:

e While the upland process areas are impacted by a range of COPCs in isolated
areas, the slag pile is the most important area of concern for OUl. As such,
upland and upgradient site media, such as fill, till, gravel, and shale, are not
expected to be impacted by the slag pile.
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e By comparing analytical data from upgradient site media to those of the slag
pile, a preliminary background assessment can be performed to identify the
metals that most clearly stem from the slag. This is useful to develop an overall
assignment of priorities for metals observed on OU1.

o The overall list of highest priority metals for the Site, in decreasing order, is as
follows: zinc, lead, mercury, arsenic, cadmium, nickel, chromium, copper,
manganese, silver, antimony, beryllium, iron, selenium, and thallium. This
priority list is developed to focus upcoming effort on refined methods of
analysis, including geochemical modeling and research into toxicology data;
however, the risk assessment will consider all metals equally.

¢ The mechanisms that control the fate, transport, and bioavailability of metals are
complex due to the degree of speciation possible. Metals behavior depends
upon a broad range of geochemical variables. However, for the priority metals
at OU1, some general trends are evident. Most importantly, acidic conditions in
groundwater, which have been observed in the northern portion of the slag pile,
will mobilize the majority of the priority metals. The effect of oxidation-
reduction potential is more muted and tends to present a “trade-off” between the
mobilization of one metal and the attenuation of a different metal. In addition,
the highest priority metals are relatively insensitive to ORP.

e pH and ORP in OUl groundwater are generally moderate, with the
aforementioned exception of an acidic zone at the northern end. Elevated metals
concentrations at one well in this area appear to confirm the conceptual
understanding of the effects of pH on metals behavior.

e Full Target Compound List/Target Analyte List (TCL/TAL) characterization has
been performed in limited locations in most media. No widespread impacts of
organic constituents or cyanide have been observed, with the exception of
pesticide detections in the Little Vermilion River. Isolated impacts from a broad
range of ancillary COPCs, including BTEX constituents, PAHs, PCBs,
pesticides, and cyanide are evident. These limited impacts are to be expected
given the industrial history of the Site.
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o Conceptual pathways for contaminant transport have been identified from OU2
that may impact site media in the Little Vermilion River, including the potential
for sewer discharges to the river and overland flow to the river. The detection of
pesticides in several locations in the river suggests that overland flow may play
an important role.

o While the physical nature (e.g., lithology) of site media in OUl was well
characterized in historical investigations, recent site reconnaissance has
indicated that there is potential for a strip of overbank deposits between the slag
pile and the river to serve as a geochemical transition zone.

* Physical transport mechanisms are also conceptual pathways for contaminant
transport. These include erosion of slag into the Little Vermilion River and
transport downstream, as well as transport of potentially contaminated sediments
that may have been impacted from the M&H Zinc Company Site.

e Overland flow is an additional physical transport mechanism of concern at the
site. Surface runoff water can pick up soil (or slag) particles and transport these
in overland flow for deposition at a lower land elevation or deliver sediment to
receiving waters, such as the Little Vermilion River. Surface runoff water can
also pick up dissolved parameters from contaminated soils and deliver impacted
water to receiving waters as a nonpoint source of pollution.

» The presence of asbestos in site media may be of concern as many of the historic
buildings, especially in OU2, have been demolished. These buildings likely
contained asbestos-containing materials.
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5. RVFS OVERALL GOALS AND REQUIREMENTS

5.1 Introduction to Objectives

The RI/FS process will be conducted to select the necessity of and best strategy for the
“adequate protection of human health and the environment” (USEPA, 1988, p. C-6).
One of the first steps required in this process is the development of Remedial Action
Objectives (RAOs), which constitute a broad assessment of potential receptors to be
protected from potential exposures.  To formulate this statement prior to
commencement of RI/FS work, the following components must be understood:

e COPCs, not as formally identified in a risk assessment process, but instead,
more fundamentally, as generally understood to constitute potential releases on
or from the Site in sufficient concentration and known to cause adverse health
effects in humans or ecosystems;

e pathways of concern (e.g., dermal exposure to slag, ecological exposure to
impacted river sediments, etc.); and

e receptors of concern, including humans and ecosystems.

In essence, this is equivalent to the articulation of source-pathway-receptor scenarios of
potential concern, the starting point for any formal risk assessment. This analysis has
been performed and is reported in the risk assessment plans in Section 7 of this work
plan.

A refinement of RAOs involves the designation of PRGs’, or quantitative thresholds or
ranges of exposure for a given receptor to a given chemical. This step occurs after a
significant degree of site characterization has occurred and screening has identified
COPCs. PRGs are identified to address two needs:

3 In this instance, the term “PRG” is used in the general sense, as opposed to the specific sense associated
with USEPA Region 9 PRGs for risk screening.
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Risk Management: In this approach, accepted quantitative measures of
acceptable chemical loading to a receptor are used. These can be expressed as
reference doses (RfDs) for non-carcinogenic effects or as slope factors (SFs) for
carcinogenic effects. These benchmark values are an integral part of risk
assessment; and

Statutory Requirements: Separate from risk-based requirements, these stem

- from Applicable or Relevant and Appropriate Requirements (ARARs) and

Information To Be Considered (TBCs). Maximum Contaminant Levels (MCLs)
and occupational exposure limits from the Occupational Safety and Health
Administration (OSHA) are examples of statutory requirements. Further
information regarding potential ARARs and TBCs is discussed in Section 5.3.

Necessary Components of the RI/FS

In order to achieve the stated objective of protectiveness, the following components
must be completed:

The respondent must evaluate the nature and extent of contamination by
characterizing and delineating releases of contamination, even if they have
migrated off the Site, by giving due consideration to relevant constituents (e.g.,
the analytical suites discussed in this Work Plan).

It is necessary to identify, screen, and, as needed, test viable remedial
technologies.  As stated in the RI/FS guidance (USEPA, 1988), this
identification must cover a reasonably broad range of alternatives, including no
action, limited action (institutional control), innovative, low-impact remediation
(e.g., in situ groundwater remediation), and more aggressive physical approaches

(e.g., capping).

Formal risk assessments must be performed for both human health and
ecosystem considerations. The risk assessments must address chronological
phases (e.g., baseline and post-RI/FS remedy implementation).
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e The FS must conclude with a recommendation for the best final remedial
strategy to address the entire Site.

5.3 Evaluation of Potential ARARSs

This section addresses the potential ARARs that may be encountered as part of
implementation of this RUFS, and ultimately the final remedy for this site. ARAR
identification is an integral part of the site investigation and remediation process, as
mandated under Section 121(d) of the CERCLA, as amended by the Superfund
Amendments and Reauthorization Act (SARA). ARARs are used to develop remedial
action objectives, select the appropriate endpoints of site remediation, and govern
implementation and operation of the selected remedy. In order to be classified as an
ARAR, the National Contingency Plan (NCP) states that federal and/or state laws must
meet one of the following two requirements: (i) applicability; or (ii) relevance and
appropriateness. “Applicable” requirements are:

Cleanup standards, standards of control, and other substantive requirements,
criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that specifically address a hazardous

substance, pollutant, contaminant, remedial action, location, or other
circumstance found at a CERCLA site. [40 CFR 300.5]

“Relevant and appropriate” requirements are:

Cleanup standards, standards of control, and other substantive requirements,
criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that, while not “applicable” to a
hazardous substance, pollutant, contaminant, remedial action, location, or
other circumstance at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that their use is
well suited to the particular site. [40 CFR 300.5]

In addition, the NCP identities a third category of guidance, termed “information to-be-
considered”. TBCs are guidelines or advisories that are issued by the federal or state
government, but which are neither legally binding nor promulgated. However, these
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guidelines may be used when they are necessary to ensure protection of public health
and the environment (USEPA, 1991). If ARARs do not address a particular
circumstance at a CERCLA site, then TBCs can be used to establish remedial guidelines
or targets. Even when TBCs are used, the requirements imposed on the remedy,
including cost-effectiveness, still apply (55 CFR 8745, 8 March 1990).

There are three broad categories of ARARs, as follows:

e chemical-specific ARARs are health- or risk-based concentrations that have
been established for specific chemicals (e.g., related to hazardous substances
present at the site);

o Jocation-specific ARARs are restrictions on the concentrations of certain
chemicals based on their specific physical locations at the site (e.g., related to
site characteristics and site location); and

e action-specific ARARs are technology- or activity-based requirements on
actions taken with respect to cleanup of hazardous substances at a site. These
requirements are triggered by the particular activities that are selected to
accomplish a remedy.

These categories are not always mutually exclusive and there may be some conceptual
overlapping.

Table 5 displays a preliminary list of potential ARARs and TBCs. The table includes
both federal and state requirements divided into those that address certain chemicals,
locations, and actions. This list will be refined as needed during the course of remedy
evaluation in the RI/FS.
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6. CURRENT DATA NEEDS
6.1 Introduction

The TLR concludes with an identification of data gaps. This section discusses the data
needs in greater detail based upon the TLR, as well as the additional analysis presented
in Section 4. Data collected during the RI/FS will serve four major needs: (i) physical
characterization of site media (e.g., subsurface lithology and waste extents); (ii)
characterization of the nature and extent of contamination; (iii) refinement of
understanding of chemical fate and transport and risk mechanisms; and (iv) data to
support remedy evaluation. Data needs for these four major areas will be discussed
individually. Note that while Section 7 will discuss in detail the proposed scope of
work, Section 6.4 will include a detailed discussion of specialty analytical methods that
will apply to the scope in Section 7.

6.2 Physical Characterization Needs

Physical characterization is necessary to understand site media or submedia that are
likely to serve either as sources or pathways in complete source-pathway-receptor
scenarios. The two most important site submedia in this regard are the slag and its
underlying alluvium. Obtaining a better understanding of the lateral and vertical extent
of slag (in the upland area of OU1 and within the river) will assist in the modeling of
leachability and transport scenarios, as well as the development of conceptual exposure
areas for human health risk assessment. Quantifying the thickness of the alluvium
underneath the slag pile will assist with the quantification of potential mass loading in a
downgradient transport scenario. Finally, physical characterization of slag depositional
areas within the Little Vermilion River is also important in assessing potential sources.

6.3 Nature and Extent of Contamination

While the historical dataset provides a considerable level of understanding of
constituent impacts to site media, several gaps in the extent of characterization have
been identified. These data needs include the following:
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The metals analyte list employed throughout the past characterization programs
was not always as comprehensive as now required. Specifically, 1994
investigation analyses tended to limit the metals analyses to the highest priority
metals. As a result, much of the solid-matrix and groundwater datasets for the
slag and underlying alluvium include a limited analytical list. With the added
consideration of ecological screening values as part of the CERCLA process, a
broader consideration of metals is necessary. Hence, it is recommended that
additional data be collected that employs a full TAL list.

As discussed in Section 4.6, a number of detections of ancillary constituents
(PAHs, PCBs, pesticides, etc.) exceeded applicable screening values. It is
recommended that further site characterization include these ancillary analytical
groups in a percentage of samples. As indicated earlier, widespread areas of
contamination are not anticipated; however, the historic data suggest that an
expanded survey is appropriate. The one area where a more focused
investigation of non-metallic COPCs is warranted concerns pesticides in the
northern reaches of the river.

Additional groundwater monitoring locations are recommended. The CSM of
groundwater fate and transport as presented in Section 4 discusses several
potential pathways of groundwater flow; of these, the most significant are (i)
southward flow in the alluvium underneath the slag (of human health concern),
and (ii) éastward discharge of groundwater from the slag into the river (primarily
of ecological concern.) Hence, a refined understanding of groundwater
conditions in the slag and in the underlying Holocene alluvium is warranted. At
the same time, improving the understanding of groundwater conditions in other
site media, including Pennsylvanian bedrock, Pleistocene till, and fill,
particularly in background locations, will improve the understanding of
background conditions as well as the overall hydraulic flow system.

Updated, summary groundwater characterization and potentiometric mapping is
recommended to obtain a “current baseline” of data. Given the sensitivity of
metals concentrations to well condition and sampling method, the condition of
groundwater monitoring wells should be evaluated, with redevelopment or
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replacement a consideration in each case. In particular, it is recommended that
the area of historical BTEX impacts (monitoring well G-04) undergo
confirmation.

Past characterization of shallow (0 to 5 ft BLS) soils was focused on certain
areas of potential concern within the Carus main plant area. Additional
sampling locations are warranted to collect subsurface data and to achieve a
more even spatial distribution.

An updated and more densely spaced series of sediment and surface-water
samples, using broad analytical suites, 1s warranted for the Little Vermilion
River to understand potential impacts from the M&H Zinc Company Site.
Evaluation of overland flow is also warranted during the RI. As part of the
overland flow evaluation, surface-water and sediment samples may also be
collected, using a broad analytical suite for sample analysis.

As discussed in Section 4, there is a potential for the presence of asbestos fibers
in soil. A review of guidance provided by the Colorado Department of Public
Health indicates that the status of risk assessment related to asbestos in soil is
evolving; however, it appears that disturbing soil (or slag in this case) and
collecting ambient air samples for particles is the most rigorous approach.
Hence, as part of the physical characterization of slag in the upland area (Section
6.2), 1t is recommended that ambient air sampling be performed in slag locations
closest to OU2.

Fate, Transport, and Risk Mechanisms

Rationale

As discussed in Section 4, developing a detailed understanding of the geochemistry of
site media is a critical component of a thorough RI/FS for a metals-dominated project
such as the M&H Zinc Company Site. The individual metal summaries provided in
Section 4.4.1 indicate that the 15 priority metals can exist in a significant variety of
species with widely varying mobility, bioavailability, and stability. While conventional,
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total metals concentrations are often adequate for risk assessment, obtaining a more
detailed understanding of metals speciation through specialty analyses will provide one
or more of the following benefits:

e Certain specialty analyses, such as Acid Volatile Sulfide/Simultaneously

" Extracted Metals (AVS/SEM) analyses, are necessary to accurately quantify the
true ecological risk because they indicate the fraction of metals concentrations
that are not bioavailable even if present in site media. As such, they serve as an
extension of the characterization of the nature and extent of contamination.

e Other analyses clarify the mechanisms by which metals sorb to site media, which
will considerably improve the conceptual model of attenuation, if it is occurring.
By understanding the attenuation mechanisms, it may be possible to more
precisely and accurately predict future concentrations, which will assist in risk-
based decision making and identification of remedial options.

® Various potential remedies may affect site geochemical conditions in a variety of
ways. Because the mobility of the metals on the Site is controlled by the
geochemical conditions, gaining a better understanding of the speciation of
metals at the Site will allow for a better understanding of the impacts that
various remedies may have on metals mobility.

6.4.2 Description of Specialty Analyses

6.4.2.1 Acid Volatile Sulfide/Simultaneously Extracted Metals

This specialty analysis for sediment is used to measure the bioavailability of five metals
(cadmium, copper, lead, nickel, and zinc), all of which are priority metals for OU1.
These metals are commonly present as sulfides in sediment under reducing conditions.
The sulfide fraction has limited mobility and low toxicity to benthic and aquatic
organisms. Hence, free sulfide in sediment serves as an effective “metals sink”;
moreover, the divalent state of the five metals indicates that from a molar standpoint,
the metals are interchangeable. For this reason, the AVS/SEM analysis includes two
parallel analyses: (i) quantification of AVS in sediment; and (ii) quantification of total
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metals concentrations for the five metals. Both results are expressed in units of mmol,
which allows a direct comparison. If the AVS is equal to or higher than the SEM result,
it provides strong evidence of the inertness of the metals provided that reducing
conditions are maintained.

6.4.2.2  Sequential Extraction Procedure

Sequential Extraction Procedure (SEP) analyses are primarily focused towards a
detailed evaluation of metals speciation, although they can be used for bioavailability
assessments. SEP consists of six different extractions of metals from a soil or sediment
sample. Each extractant is intended to liberate metals bound by a particular sorption
mechanism; in general, the extractions become increasingly aggressive. After the full
sequence, it is possible to estimate the relative importance of sorption mechanisms by
comparing the relative recoveries of the six extraction steps. By understanding which of
the six possible sorption mechanisms are currently occurring, one can dramatically
improve the understanding of attenuation processes, seek in situ remedial options, and
predict the unintended geochemical effects of a given remedial action.

The extraction steps are as follows:

Step 1 - Exchangeable Phase: This extraction captures metals that are reversibly
sorbed to soil minerals, amorphous solids, and/or organic material by electrostatic
forces. A significant fraction of a given metal in this state is of concern, because this
sorption mechanism is weak; the sorbed metal can be easily replaced (i.e., returned to
solution in groundwater) by other, less toxic cations or anions. Metals in the
exchangeable phase are considered easily bioavailable. The test involves exposing the
soil to a concentrated electrolyte solution, such as 1 molar (M) magnesium sulfate, that
displaces the trace elements from solid surfaces.

Step 2 - Carbonate Phase: This extraction targets trace elements that are sorbed or
otherwise bound to carbonate minerals. Carbonate minerals are more stable than
electrostatically-driven sorption; the carbonate fraction is considered potentially
bioavailable. The test involves extraction with a mild acid solution (1M sodium acetate
solution in 25% acetic acid at pH 5). By lowering the pH from neutral conditions to 5,
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bicarbonates will be converted to carbonic acid, thereby liberating bicarbonate-bound
metals.

Step 3 - Metal Hydroxide Phase: Trace elements commonly bind to hydroxides of
iron, manganese, and aluminum; this is an important attenuation process. In this
extraction step, metals are extracted using a solution of 1M hydroxylamine
hydrochloride in 25% v/v acetic acid. This is a strongly reducing step that converts
iron(III) to iron (II), among other changes. This step is important, because it will predict
the changes (i.e., increased metals mobilization) that may occur if a remedy is selected
that reduces recharge and, in turn, oxygenation to metals source areas.

Step 4 - Organic Phase: This extraction step targets trace elements strongly bound via
chemisorption to organic material. Oxidation of soil organic matter (using an extractant
at pH 9.5; at 5% sodium hypochlorite), will bring into solution metals bound to organic
functional groups.

Step 5 - Acid/Sulfide Fraction: The extraction is used to identify trace elements
precipitated as sulfide minerals. Metals associated with sulfide minerals will be
extracted by leaching the soils with a 3:1:2 v/v solution of hydrochloric acid, nitric acid,
and water to dissolve the metal sulfide minerals. Like Step 4, this is an oxidative step;
however, this step occurs at low pH.

Step 6 - Residual Fraction: Trace elements remaining in the soil after the previous
extractions will be distributed between silicates, phosphates, and refractory oxides.
These residual metals can be removed from the soil through total dissolution with
hydrofluoric acid, nitric acid, hydrochloric acid, and boric acid. This is an unusually
aggressive step that goes beyond the degree of extraction from conventional total metals
analyses; this step actually degrades soil minerals.

As a general rule, all metals fractions that are not extracted until Step 3 or later are
considered non-bioavailable.
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6.4.2.3  Other Specialty Methods

Several other specialty analytical methods are desirable for conceptual model
development, Most of these methods are more common than AVS-SEM or SEP and
tend to provide qualitative instead of semi-quantitative results; however, they can be
used in combination as individual lines of evidence to improve the understanding of
metals attenuation processes. These methods are as follow:

Synthetic Precipitation Leaching Procedure (SPLP): This method is similar to the
TCLP method used in historical work; however, it is designed to use ambient pH
instead of the more acidic pH selected under TCLP to mimic landfill leachate. It can
provide a general understanding of leachability potential for solid samples.

Soil pH: As noted earlier, this is a “master variable” that has far-reaching effects on
metals speciation.

Field parameters from groundwater sampling (pH, ORP, dissolved oxygen (DO),
conductivity, temperature, and turbidity): These parameters, while routine from the
standpoint of sampling, play a critical role in data evaluation for metals characterization.
pH and ORP, with DO as an indicator related to ORP, are the “master variables” for
metals speciation. Elevated turbidity may serve as an explanation for unusually high
metals results. All parameters are used to evaluate purge stabilization.

Ferrous iron, total organic carbon (TOC), orthophosphate, sulfate, sulfide, and
alkalinity: Some of these parameters serve as corroborating evidence for pH and ORP
values measured in the field; alkalinity will confirm pH understanding, whereas sulfate,
sulfide, and ferrous iron will refine the understanding of the oxidation-reduction
conditions. Most of these parameters will also be useful inputs to geochemical models,
if desired. Lastly, some of these parameters, such as ferrous iron, will indicate the
- degree of iron sorption sites, which are valence state-dependent.

X-Ray Diffraction (XRD): This analysis will characterize the mineral composition of
the soil, which directly affects the sorptive capacity of soils.
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6.4.2.4  Other Risk Assessment-Related Data

Certain OU1 reconnaissance activities are necessary for the development of the
ecological risk assessment. The two most important activities will include: (i) a
reconnaissance of sediment deposition patterns in the river to refine sediment sampling
locations; and (i1) a habitat survey, addressing terrestrial, riparian, and aquatic systems
to refine the selection of receptors for the risk assessment.

6.5 Remedy Evaluation Data

As discussed in Section 6.4, much of the specialty analytical work to explore metals
geochemistry will support an evaluation of remedial alternatives. Additional activities
geared specifically for remedy evaluation, such as geotechnical borings to evaluate slag
pile stability, are likely to be performed during the FS.
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7. REMEDIAL INVESTIGATION SCOPE OF WORK
7.1 Introduction

Section 6 provides a discussion of the data gaps identified as part of the Work Plan
preparation process. It also discusses the rationale and methods underlying specialty
analyses that will be used to better understand metals geochemistry. Section 7 presents
the detailed scope of work as follows:

e Section 7.2 describes the solid matrix sampling program;

o Section 7.3 describes the surface-water and sediment characterization program;
e Section 7.4 describes the groundwater characterization program; and

e Section 7.5 presents the ecological habitat characterization program.

For the programs discussed in Sections 7.2 through 7.5, the reviewer is referred to the
FSP, QAPP, and HASP for specific protocols for field sampling and laboratory
analyses. Table 6 of this document provides a summary of sampling locations and
planned analytical suites for the solid matrix, river, and groundwater samples.

Sections 7.6 and 7.7 provide risk assessment approaches for human health and
ecological receptors, respectively. Section 7.8 presents the surface-water basin analysis
to evaluate overland flow, and Section 7.9 discusses the RI Report.

Since data validation was performed for investigations in Geosyntec’s major historical
investigations (the 1993 and 1994 investigations), the historical data will be added to the
site database for use in risk assessment. The characterization plan presented herein has
been designed in consideration of historical data.

7.2 Solid Matrix Characterization Program

This section of the scope of work is referred to as “solid matrix” sampling instead of
“soil” sampling, because it will include both waste material (e.g., slag) and true soil.
Figure 13a presents an overview of the solid matrix sampling program. The program
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addresses two major sampling areas: (i) the slag pile (SB-301 through SB-310); and (ii)
the Carus main plant area (SB-311 through SB-319). The number of locations selected
was based on appropriate sampling quantities to support human health and ecological
risk assessment. The programs for the two areas can be summarized as follows:

o The slag pile program consists of ten borings with sampling intervals on
multiple horizons. Each boring will include samples collected from: (i) 0 to 1 ft
BLS to characterize direct contact risks; (ii) 5 ft above the water table; and (iii) 5
ft below the water table (see exceptions identified in Section 2.2.2 of the FSP).
Two borings will also include a fourth sample collected from alluvium
underneath the slag. Additional sampling horizons were deemed unnecessary in
light of the vertical homogeneity of slag concentrations observed during
sampling performed in conjunction with the 1994 investigation, as discussed in
Section 4.5 of the Work Plan. The analytical program will consist of the
following:

TAL metals for all samples;
- VOC, SVOC, and cyanide analyses for approximately 25% of samples;
- pesticides and PCBs for 0-1 ft samples in alternating borings;

- asbestos measured in air samples collected at three locations during
trenching operations conducted on the northern portion of the slag pile as
part of the solid matrix characterization program;

- TAL SPLP and soil pH in approximately 33% of samples;

- SEP analyses in five samples; and

XRD analyses in three samples.

The slag characterization program will also address the physical characterization
requirements discussed in Section 6. The drilling rig will drill to the top of
bedrock surface when sampling alluvium in two locations to provide an estimate

FR1093/JR60270_Work Plan (Revision 1).doc 62



Geosyntec D MATTHIESSEN AND HEGELER ZINC COMPANY SITE
WORK PLAN

consultants Revision 1

of alluvial thickness. Also, the areal extent of slag will be delineated using
either a drill rig or backhoe for test trenching. Boundary points for the southern,
western, and northern boundaries will be selected on 150 ft centers.

e The Carus main plant area program consists of nine locations with two samples
each at 0 to 1 ft and 2 to 4 ft BLS to support risk assessment. While only a long
term commercial/industrial scenario will be considered for the main plant risk
assessment, characterizing the surficial and subsurface zones will allow a
differentiation of risks between general site use (for which shallow data are
relevant) and construction worker activities (which involve deep soils). This
may be of value in remedy determination, because if the deeper horizon exhibits
higher risks than those of the shallow horizon, it may be possible to impose land
disturbance restrictions as a remedy component. The analytical program will
include the following:

- TAL metals for all samples;

- VOC, SVOC, and cyanide analyses for approximately 25% of samples;
- pesticides and PCBs in 25% of samples;

- SEP analyses in four samples; and

- XRD analyses in three samples.

Table 6 provides a detailed record of the proposed analyses for each sample. The SPLP
and pH analyses are employed in the slag pile due to the anticipated potential for
leachability; they are omitted from the main plant area program because of lower
chemical concentrations measured during past investigations. However, the XRD and
SEP analyses are tested in both areas, because both areas will require consideration of
bioavailability based on concentrations elevated above screening values.
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7.3 Surface-Water and Sediment Characterization Program

The surface water and sediment characterization program addresses two areas of the
site: (i) the Little Vermilion River; and (ii) the upland area of OU1.

7.3.1 River Characterization Program

The Little Vermilion River Characterization Program will be conducted in a phased
manner. The first phase consists of two primary components: (i) physical
characterization; and (i1) analytical evaluation of sediments and surface water. Based on
the first phase, additional sediment and surface-water samples may be required.
Sufficient phases will be conducted and data will be collected to characterize the nature
and extent of contamination within the Little Vermilion River due to the M&H Zinc
Company Site.

The objective of the physical characterization program is to collect information that will
allow mapping of the Little Vermilion River from the Quarry bridge to the Illinois River
with respect to sediment and slag depositional areas. The Little Vermilion River will be
traversed by foot or non-motorized vessel (e.g., kayak, canoe, or raft) from the Quarry
bridge to the Illinois River (approximately 13,000 ft in length). Visual observations will
be noted along the length of inquiry to map both sediment and slag depositional areas.
Three levels of slag physical characterization will be conducted: (i) the location of slag
boulders (greater than 1 ft in diameter) will be surveyed using hand-held global
positioning system (GPS) equipment; (ii) depositional areas where slag gravel and
cobbles are present in sizes ranging from about 1/2 inch to 12 inches in diameter will be
mapped (these areas will be investigated using shovels and/or grab sampling equipment
designed for this type of sampling); and (iii) approximately 20 grab samples will
collected along the river (based on sediment depositional areas) to quantify the slag
mass fraction using sieves and scales.

The objective of the analytical program is to collect sediment and surface-water samples
to evaluate potential impacts due the Site. Samples will be collected from the river
along the M&H Zinc Company Site, as these samples are anticipated to be most heavily
impacted by the site as compared to samples further downstream. One of these samples
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will be collected from the sediment depositional area just north of the dam, which is
associated with OU2. Upstream samples will also be collected to establish background.
In total, 14 sampling stations will be spaced approximately 600 to 700 ft apart on the
river (Figure 13b). The exact sampling locations will be contingent on the presence of
sediment (as sediment depositional areas are sporadic in this reach of the river). Two of
the locations are upstream and are located in close proximity to historically sampled
upstream locations. Co-located sediment and surface-water samples will be collected
from half of the locations along the Site proper. Sediment samples only will be
collected from the remaining river characterization locations. The surface-water and
sediment data will be used as input for the Screening Level Ecological Risk Assessment
(SLERA) and the Human Health Risk Assessment (HHRA).

The analytical program will consist of the following:
e TAL metals in all samples;

e VOCs, SVOCs, PCBs, and pesticides and cyanide in 25% of samples along the
Site proper and in both upstream locations;

e additional pesticide characterization in all locations near the group of historical
pesticide exceedances (LVR-206, LVR -207, and LVR -208); and

* AVS/SEM in four locations along the Site proper.

Three staff gauges will be installed and surveyed in the bank of the river at roughly
equidistant locations to allow a comparison of river stage values with potentiometric
data from monitoring wells. Due to the rugged terrain of the riverbank, precise
locations of the staff gauges will be determined based on ease of installation.

7.3.2 Upland Characterization Program

If surface water is present during the RI, one co-located surface water and sediment
sample will be collected from an area to the west of the abandoned ICRR grade (now
dirt road) just north of the gate located north of the emergency bypass pond. At this
location, on 1 May 2007, a seep was observed emanating from the sinter pile (also
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referred to the ash disposal area on historic M&H Zinc Company maps). The water
seeping out of the sinter was observed to accumulate along both sides of the dirt road
with no apparent surface-water flow pathway.

Carus will also observe the OU1 site immediately following a significant rain event to
look for additional areas where surface water flow is present. If noted, up to three co-
located surface water and sediment samples will be collected. Areas to be considered

will be based on the surface-water basin analysis discussed in Section 7.8 of the Work
Plan.

The analytical program will consist of TAL metals, VOCs, SVOCs, PCBs, pesticides,
and cyanide in all samples.

7.4 Groundwater Characterization Program

7.4.1 Introduction

As described in Section 2, the OU1 groundwater flow system consists of several
matrices with highly dissimilar characteristics, including Pennsylvanian bedrock,
Pleistocene till, Holocene alluvium, fill, and slag. The data needs discussion in Section
6 indicates the importance of two specific potential flow pathways (southward flow in
the alluvium and eastward discharge of groundwater from the slag into the river) as well
as an understanding of groundwater quality in all media.

In general terms, the goals of the groundwater characterization program can be
summarized as follows:

e perform sufficient groundwater characterization in the two most significant
transport media, slag and alluvium;

o develop a sufficient understanding of background conditions, which primarily
correspond to bedrock groundwater;

» conduct a limited characterization of other media, including fill and Pleistocene
till;
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 evaluate vertical gradients among media;

o perform an analytical sampling program that addresses all analytical parameters
while focusing on those of greatest significance, 1.¢., metals;

o collect groundwater samples of consistent quality to avoid unnecessary
variability in sample turbidity or well productivity;

e incorporate groundwater quality data generated in OU2; and
e perform representative hydraulic characterization of sampling media.

Hence,' the groundwater characterization scope will consist of the following
components: (i) reconnaissance and rehabilitation of the existing well network, (ii)
installation of additional monitoring wells, (iii) sampling of the expanded well network
for a broad suite of analyticals, (iv) potentiometric mapping, including an evaluation of
vertical gradients, and (v) hydraulic characterization. There will be close coordination
with SulTRAC on matters pertaining to potentiometric gauging and well survey to
ensure that a coherent, sitewide dataset is obtained. In addition, to the extent
practicable, Geosyntec will coordinate with SUITRAC to coordinate the groundwater
sampling event in an attempt to ensure consistent groundwater sampling protocols.

7.4.2 Well Reconnaissance and Rehabilitation

As discussed with USEPA and SulTRAC, a monitoring well network reconnaissance
will be performed to evaluate the condition of all monitoring wells prior to sampling.
Since no wells have been developed in the last five years, all wells will be redeveloped
at a minimum, and replaced as needed, if turbidity cannot be stabilized per the FSP.
Controlling turbidity is particularly important for OU1 due to the demonstrated effect of
turbidity on metals concentrations. The integrity of the well cap, pad, and locking
system will also be evaluated.
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7.4.3 Well Network Expansion

The current network of 18 monitoring wells consists of five wells each in bedrock and
slag, three wells each in alluvium and till, and two wells in fill. To meet the objectives
of a representative sampling of different site media, with a focus on site media of
greatest transport significance, five new monitoring wells in slag, four new monitoring
wells in the alluvium, and three new monitoring wells in the bedrock will be installed.
This will complete a network of 30 wells, consisting of ten wells in slag, eight wells in
bedrock, seven wells in alluvium, three wells in till, and two wells in fill. Figure 13c
shows the locations of the 12 new wells, which have been selected to meet several
objectives, including a relatively even spatial distribution for wells in a given medium,
co-location of wells in differing media to evaluate vertical gradients, and co-location
with boring locations from the solid matrix characterization program (Section 7.2) to
optimize drilling effort.

7.4.4 Monitoring Well Sampling

Upon the installation and development of new wells, the analytical program for
groundwater will include the following analyses in the proportions given:

o TAL metals in all samples;
e VOCs, SVOCs, and cyanide in 25% of samples;

e field parameters (including ferrous iron, sulfide, and alkalinity) in all samples;
and

e TOC, orthophosphate, and sulfate in two background locations and two
groundwater samples collected from wells screened within each submedium
(e.g., slag, alluvium, fill, etc.).

7.4.5 Potentiometric Gauging

A synoptic round of sitewide water levels will be collected on a quarterly basis for four
consecutive quarters to evaluate seasonal variability. All water levels will be collected
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on the same day and compared to readings from staff gauges installed in the Little
Vermilion River as described in Section 7.3. The water levels will allow an evaluation
of horizontal and vertical gradients.

7.4.6 Hydraulic Characterization

Of the 18 existing monitoring wells, 11 have undergone hydraulic testing via slug or
pump testing; these include four bedrock wells, one slag well, three alluvial wells, two
till wells, and one fill well. Of the new monitoring wells, four slag wells will undergo
slug testing. This will ensure that at least half of the monitoring wells from each
medium will have associated hydraulic conductivity data.

7.5 Ecological Habitat Characterization Program

The SLERA (described in greater detail in Section 7.7) will rely on an initial field
component of habitat characterization. As an early step in screening-level problem
formulation, fundamental knowledge of the potential environmental setting
(representative habitats and wildlife) at a site must be documented. As such, the habitat
characterization will be performed as a preliminary site ecological survey concurrent
with the analytical characterization components of the work plan.

The goal of the habitat characterization is to identify and characterize the current and
potential threats to the natural environment from hazardous substance release. Habitat
characterization of OU1 will identify habitat types occurring on the site, probable
pollutant transport routes, and possible indicator species or a species population to serve
as the focus of the study, as warranted. Threats to the environment include not only
existing adverse ecological impacts but also the risk of such impacts in the future.

Habitat characterization will consist of a review of available data and a site visit.
Current information on ecological resources of the Site, including jurisdictional
wetlands, sensitive habitats, and protected species will be sought from state and federal
natural resource agencies, including the USGS, Illinois Natural Heritage Program, State
Game and Fish Departments, and U.S. Fish and Wildlife Service (USFWS) National
Wetlands Inventory. Information including topographic and recent aerial maps will be
used in the canvassing of site habitat information. Following the review of current,
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available information, personnel qualified in ecological assessment will conduct a site
visit to identify and describe natural areas (e.g., upland forest, on-site stream, or nearby
wildlife refuge) and disturbed/man-made areas (e.g., lagoons). Direct observations of
dominant plants and wildlife (especially any occurrence of protected species), including
animals signs in the form of middens, nest, tracks, burrows, droppings, calls, etc., will
be documented in the site visit. The combination of desktop study and site visit will
result in a habitat characterization providing a description of habitats present on site
including those that may be potentially contaminated or otherwise disturbed.

This information will be used to assist in the refinement of assessment endpoints for the
ecological risk assessment described in Section 7.7.

7.6 Human Health Risk Assessment

7.6.1 Introduction

This section describes the proposed approach to the HHRA for the Site. The purpose of
the HHRA is to evaluate potential human exposures, such as contact with affected
media (e.g., slag, sediments, groundwater, and soil) to site-related chemicals. The
HHRA will evaluate potential adverse health effects that may result from exposure to
COPCs in the absence of any remedial action. The risk assessment will adopt a
conservative approach that relies upon upper bound exposure parameters to identify key
chemicals of concern and exposure pathways. Additional focused risk assessment
studies may be warranted depending on the results of the HHRA.

This Work Plan and the subsequent risk assessment will adhere to the Risk Assessment
Guidance for Superfund (RAGS), Volume I - Human Health Evaluation Manual
(USEPA, 1998) and appropriate State guidance. When available, the HHRA will
consider site-specific information to characterize exposure conditions.

In accordance with USEPA guidance, the HHRA will consist of four components:
e identification of chemicals of potential concern;

® ¢cXposure assessment;
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e toxicity assessment; and
s risk characterization.

Previous sections of this RI/FS Work Plan contained a detailed description of the
physical characteristics of the Site, the nature and extent of the chemicals at the Site,
and the land use in surrounding areas. This information was relied upon to develop the
risk assessment approach.

Note that the ASAOC requires the completion of a comprehensive risk assessment for
the entire M&H Zinc Company Site, which will include the coordination of risk
assessment activities with SUITRAC, USEPA’s contractor for the OU2 risk assessment.
The risk assessment approaches for both OUs will embrace the same general principles
of risk assessment development; however, as discussed with USEPA and SulTRAC,
specific assumptions for the two OUs may vary' in cases where differing site
circumstances so warrant. For example, the residential portions of OU2 will naturally
undergo risk screening using residential assumptions, whereas human health risk
screening in the main plant and slag pile areas of OU1 will use industrial setting
assumptions appropriate for the current and future exposure associated with ongoing
manufacturing activity at the Carus facility.

7.6.2 Definition of Assessment Area

As required under the RI/FS ASAOC, this Work Plan and the subsequent HHRA will
evaluate groundwater, soil, slag, the Little Vermilion River, and potential land uses and
human exposure pathways within, and in the vicinity of, the site.

7.6.3 Evaluation of Data

As discussed in Section 3 of this Work Plan, multi-media investigations have been
conducted in OU1 since 1991. The sampling of soil, slag, groundwater, and sediment
during investigative activities conducted since 1991 has resulted in a considerable,
multi-media database, of which the data for the major investigative components have
undergone validation. This extensive database will be used to supplement the proposed
characterization scope.
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Whereas the typical grid approach to soil sampling gathers data with little regard to
known releases or contamination, the extensive targeted sampling programs conducted
at the Site have created a database that is relatively devoid of samples collected from
unaffected areas and rich in samples collected from source areas. The focused nature of
the database will result in a conservative estimate of potential risk.

7.6.4 Identification of COPCs
7.6.4.1  Overview

Comparisons of the analytical results for various media to USEPA Region 9 PRGs and
IEPA Tiered Approach to Corrective Action Objectives (TACO) values will serve as the
primary basis for identifying COPCs included in the quantitative risk estimation. This
step allows for a more focused and detailed evaluation of potential risk associated with
the most relevant chemicals by eliminating those chemicals detected at concentrations
below conservative screening criteria.

7.6.4.2  Methodology

For those chemicals detected in soil samples, the maximum detected concentrations will
be compared to soil screening criteria provided in current USEPA Region 9 screening
values for an industrial worker scenario, as discussed with USEPA in a 2 May 2007
meeting. In addition, data will be screened against IEPA TACO Soil Remediation
Objectives for Industrial/Commercial Properties. The industrial scenario is appropriate
for OU1 due to the ongoing manufacturing activities at the Carus facility and the related
access restrictions (e.g., fencing) to the slag pile. Site-wide groundwater samples will
be compared to USEPA Region 9 groundwater quality criteria and TACO Tier 1 criteria
for groundwater.

For those chemicals with a maximum detected concentration exceeding the relevant
screening criteria, or without screening criteria, further consideration is given to the
nature of the chemical, detection frequency, and the relative site-related background
concentration. Chemicals will be eliminated from consideration as COPCs if the
chemicals are classified as essential nutrients (e.g., calcium and magnesium) and occur
at concentrations that would not produce exposures greater than the United States
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Department of Agriculture (USDA) Recommended Daily Allowances (RDA) or Safe
and Adequate Daily Intakes (SADI). Chemicals will also be eliminated if all of the
following are true:

e the chemical was detected in only one out of ten or more samples in a given
medium, or in approximately 5% or fewer out of 20 or more samples in a given
medium and without any spatial correlation; and

o the chemical is not found in media indicating site-related transport.

Background conditions will be considered; this is an important step for metals data.
Background considerations will proceed initially through a review of available literature
sources, including IEPA sources and USGS reports. Data collected from the OU2
residential program will also be assessed. A background characterization study may be
performed if sufficient data are unavailable.

After all the above criteria have been considered, chemicals remaining with either
maximum detected concentrations greater than the screening criteria, or for which there
are no screening criteria, will be identified as COPCs. As the ecological risk
characterization utilizes differing screening criteria, separate sets of chemicals will be
selected as COPCs for the HHRA and the ERA.

The HHRA will involve the characterization of potential human health risks for the
COPCs 1identified for the Site using receptors and completed exposure pathways
identified in the Human Health Conceptual Site Model (HHCSM). This risk assessment
will incorporate the following elements: (i) exposure assessment; (ii) toxicity
assessment; (ii1) risk characterization; and (iv) uncertainty analysis. These elements will
be completed in conformity with RAGS Part D and each element will become a major
subsection of the HHRA report.

7.6.5 Exposure Assessment

This section of the risk assessment addresses the environmental fate and transport of the
identified COPCs and the potential pathways by which human receptors could be
exposed. This requires a description of the exposure setting in terms of the natural
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environment and local land use and demographics. The purpose of this description is to
provide the information needed to identify potential exposure pathways and receptors,
and to estimate exposure factors (e.g., amount of soil ingested, amount of water
consumed, etc.) for these receptors. Potential human exposure pathways will be
identified in the context of the current and potential future land uses.

The exposure assessment is the process of establishing a quantitative estimate of the
exposure for each receptor through each completed pathway. This process incorporates
the exposure factors and exposure point concentrations (i.e., the concentration at which
receptors are assumed to be exposed in site media) into standard USEPA risk equations
(USEPA, 1989). The resulting calculations result in an estimate of the average daily
dose (ADD) for non-carcinogens and the lifetime average daily dose (LADD) for
potential carcinogens.

Exposure factors required for risk calculations will be selected based on the specific
media and completed pathways identified in the HHCSM. For example, soil exposures
may require estimates of soil ingestion, skin surface area exposed to dermal exposure,
inhalation rates, exposure frequencies, and exposure durations. The specific values
proposed for exposure factors will be developed in a site-specific manner to correspond
to realistic activity patterns that could occur at the Site, where possible, rather than
defaulting directly to USEPA’s conservative default exposure scenarios. The primary
source for exposure factor-related information will be the Exposure Factors Handbook
(USEPA, 1997).

Two specific limitations in the exposure characterization discussed with USEPA in the
2 May 2007 meeting include the following:

e omitting a trespasser scenario from the Main Plant area due to the fencing and
security of the active facility, and

e developing exposure parameters that correspond to infrequent workers in the
slag pile area due to the limited use of this area by Carus employees.

Hence, scenarios for the HHRA will include the following:
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e long-term commercial/industrial scenario in the main plant area;

e site-specific long term, maintenance/inspection worker scenario for the slag pile
and;

e fisherman trespasser scenario for the Little Vermillion River.

A complete exposure pathway includes the following: (i) a chemical source and release
mechanism; (ii) a medium for transport; (iii) an exposure point (i.e., where human
contact with the contaminated medium occurs); and (iv) an intake route for the
contaminant into the body at the exposure point. If any of these elements are missing,
the pathway is incomplete and is not considered further in the risk assessment.

The 95 percent upper confidence limit (UCL) on the mean is the standard statistic
recommended by USEPA as a conservative estimate of the average site exposure
concentration (USEPA, 1989). High variability in the data can sometimes result in the
calculation of a UCL on the mean that exceeds the actual maximum detected
concentration. In such cases, the exposure point concentration will not exceed the
actual maximum detection.

Exposure point concentrations based on 95 percent UCLs will be evaluated using EPA
software developed specifically for this purpose (PROUCL, 2007). EPA approved
techniques will be employed to calculate UCLs when data contain non-detected samples
(i.e., those results with a “U” qualifier). Estimated concentrations (i.e., those results
with a “J” qualifier) will be included as true detected values in the calculation of the 95
percent UCL on the mean and other qualifiers will be handled according to RAGS
(USEPA, 1989). Upon establishment of the exposure factors and exposure point
concentrations, receptor intake will be calculated as ADDs and LADDs for each
completed pathway.

Depending upon a preliminary review of the spatial distribution of the data, Geosyntec
may request that USEPA consider area-weighted averaging as a method of calculating a
more realistic exposure-point concentration. Geosyntec and SulTRAC will coordinate
efforts to ensure that such methods of calculation are performed only as part of a
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consistent risk assessment framework across the M&H Zinc Company Site.
Specifically, area-weighted averaging will be either (i) employed consistently or omitted
altogether from the Site, or (ii) partially employed only if circumstances specific to the
exposure units warrant differing treatment.

7.6.6  Toxicity Assessment

The toxicity assessment identifies estimates of the non-cancer toxicity and potential
carcinogenicity (toxicity values) for each COPC suitable for use with the dose estimates
calculated in the exposure assessment step. The primary source for toxicity values
(reference doses for non-cancer effects and cancer potency factors for cancer effects)
will be from the USEPA Integrated Risk Information System (IRIS). If IRIS data are
unavailable, toxicity information will be developed using the following hierarchy:
USEPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs); Health Effect
Summary Tables (HEAST); or other State promulgated toxicity information (e.g., IEPA,
Cal EPA). Risks will not be calculated for chemicals lacking an regulatory-accepted
toxicity value. Adjusted SFs and RfDs for the dermal route of exposure are derived
from the oral slope factors and RfDs using chemical specific oral absorption
efficiencies.

7.6.7 Risk Characterization

Risk characterization utilizes the dose estimated in the exposure assessment coupled
with the toxicity values identified in the toxicity assessment to calculate estimates of the
potential non-cancer and excess cancer risk associated with site-related exposure to the
COPCs. In addition to deriving these quantitative estimates, the risk characterization
provides an interpretation of the potential significance of the risk estimates by
comparing them to regulatory guidelines indicating the need for addressing potential
risks.

Cancer risks are estimated as the incremental probability of an individual developing
cancer over a lifetime as a result of pathway-specific exposure to carcinogenic
chemicals. Cancer risk levels are related to USEPA’s target range of 1 x 107 to 1 x 107
for incremental cancer risk. Cancer risk levels less than 1 x 10 are considered not
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significant, and cancer risk levels greater than 1 x 10 require further characterization
and discussion.

For non-carcinogens, risks will be evaluated by calculating the ratio of the average daily
intake during the exposure period to the RfD. This ratio is the hazard quotient (HQ).
For a given medium and target organ, HQs for each COPC are summed to obtain a
Hazard Index (HI) for each target organ. A HI greater than one indicates that potential
health effects associated with the exposure medium cannot be eliminated. Discussion of
the HIs will be provided to characterize potential non-carcinogenic human health
effects.

7.6.8 Uncertainty Analysis

A description of the significant sources of uncertainty and the anticipated extent of these
uncertainties will be provided along with quantitative risk estimates to inform risk
managers and decision makers of the confidence in the conclusions of the risk
characterization. The Uncertainty Analysis will identify sources of uncertainty related
to the analytical data, the characterization of exposures, and the toxicity values used.
The implications for these uncertainties with regard to the conclusions of the risk
assessment will be described.

There are multiple sources of uncertainty that may be identified for any risk
characterization. The purpose of this section will be to provide a discussion of the
significant sources of those uncertainties along with the quantitative risk estimates to
inform risk managers and decision-makers of the confidence in the conclusions of the
risk characterization. The uncertainty analysis will identify sources of uncertainty
related to the analytical data, the characterization of exposures, and the toxicity values
used.

7.6.9  Assessment of Asbestos Data for Ambient Air

The ambient air monitoring for asbestos as described in Sections 6.3 and 7.2 will
employ National Institute for Occupational Safety and Health (NIOSH) Method 7400,
Phase Contrast Microscopy (PCM). This method has the advantage of direct usability
with respect to toxicological benchmarks available on USEPA’s IRIS. This method is
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also conservative in that it analyzes for particles of a size consistent with airborne
asbestos fibers, but it does not indicate the asbestos loading per se. Hence, it is possible
to overestimate the true asbestos concentration. The ambient air data collected will be
compared to IRIS carcinogenic risk values and discussed with USEPA. If the potential
for unacceptable risks cannot be eliminated, then additional analytical methods that
more clearly identify asbestos will be employed in a subsequent sampling event.

7.7 . Ecological Risk Assessment

7.7.1  Overview

Ecological risk assessment (ERA) will be conducted to support the RI/FS at the Site.
The purpose of the ERA is to evaluate the nature and extent of potential ecological risks
due to chemicals in the surface water, sediment, surface soil, and biota associated with
the site.

Standard risk assessment practice is to employ a stepwise approach to evaluate chemical
risks. The SLERA represents the initial step of the assessment at the Site. The SLERA
will be performed in accordance with the USEPA’s guidance for ERAs (USEPA, 1997,
1998).

As specified by the guidance, the initial assessment of ecological risk is conducted using
rapid, simple approaches and conservative exposure assumptions to minimize the
possibility of a false negative finding. In this way, those exposure pathways that clearly
pose negligible risk are rapidly eliminated from further consideration, and those that are
not eliminated are passed along to more detailed and progressively quantitative
assessment tiers. The assessment paradigm employed in Superfund assessments
consists of eight general steps as follows.

o Step 1 - Screening-Level Problem Formulation and Effects Evaluation;
o Step 2 - Screening-Level Exposure Estimate and Risk Calculation;

s Step 3 - Baseline Problem Formulation;
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e  Step 4 - Study Design and Data Quality Objective (DQO) Process;
e Step 5 - Verification of Field Sampling Design;

e Step 6 - Site Investigation and Data Analysis;

e  Step 7 - Risk Characterization; and

e Step 8 - Risk Management.

Steps 1 and 2 together compose the SLERA, which is the first tier of the ERA.
Screening-level assessments provide a general indication of the potential for ecological
risk (USEPA, 2001). In the event that risk cannot be ruled out in the screening-level
assessment, the scientific/management decision point (SMDP) indicates that the ERA
progress to initiation of a Baseline Ecological Risk Assessment (BERA) at Step 3 in the
assessment paradigm (Problem Formulation, discussed in Section 7.7.3 below).

The objective of a screening assessment is to identify potential chemical exposure
pathways that may be present for ecological communities at the study area. These
pathways are then evaluated to decide whether any of them can be eliminated from
further evaluation on the basis of lack of potential for adverse ecological impacts. Three
outcomes are possible from the screening-level SLERA:

e Adequate information exists to conclude that ecological risks are negligible and,
therefore, there is no need for further evaluation or risk management on the basis
of ecological risk.

e The available information indicates a potential for adverse ecological effects or
is not adequate to evaluate whether such a potential exists. Consequently, a
more thorough assessment is warranted and the ERA process will continue to
Step 3. Steps 4 through 8 will be conducted, if warranted, based on the results
of Steps 1 through 3.

e Interim action is warranted. This is typically followed by advancing to Step 3 of
the ERA.
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The screening assessment does not result in quantitative risk characterization. Only the
absence (not the presence) of risk can be established by a screening assessment alone. If
the possibility of risk cannot be ruled out using screening approaches, further
assessment using subsequent steps in the ERA process will be required for those

exposure pathways and receptor communities. The remainder of Section 7.7 focuses on
Steps 1 and 2 of the ERA.

Note that as with the HHRA, the ASAOC requires the completion of a comprehensive
risk assessment for the entire M&H Zinc Company Site, which will include the
coordination of risk assessment activities with SulTRAC, USEPA’s contractor for OU2
risk assessment. The ecological risk assessment approaches for both OUs will embrace
the same general principles of risk assessment development; however, as discussed with
USEPA, specific assumptions for the two OUs may vary in cases where differing site
circumstances so warrant. For example, for the ecological risk assessment, the Areas of
Interest (AOIls) will vary considerably between the two OUs: OUl ecological risk
assessment will be focused to a substantial degree on the Little Vermillion River,
whereas the OU2 ecological risk assessment will focus on terrestrial areas.

The plan for a SLERA presented herein incorporates details discussed with USEPA and
SulTRAC in a 2 May 2007 meeting.

7.7.2  Purpose and Objectives of the SLERA

The purpose of the SLERA (Steps 1 and 2) is to evaluate potential ecological risks
posed by site-related chemicals, based on current site conditions and land uses. The
specific objectives are to:

¢ identify and evaluate potential baseline ecological risks;
o define the preliminary Ecological Conceptual Site Model (ECSM);
e identify COPCs that may pose ecological risk;

o identify potential data gaps; and
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o identify areas at the Site that may require further evaluation, if any, in
subsequent tiers in the ecological risk assessment.

This SLERA will provide an evaluation of the nature and extent of potential ecological
risks based on extensive knowledge of environmental conditions and ecological
resources that may be present at the Site. Based on previous investigations, site-related
COPCs may be present in some adjacent off-site aquatic habitat. Thus, potential
ecological risks in relevant off-site habitat will be evaluated.

As a screening-level methodology is used, the SLERA may not be able to show that no
ecological risk exists for particular COPCs and/or exposure pathways. For ecological
risks that are not eliminated, the ERA process will proceed to Step 3 (Baseline Problem
Formulation) where refinement to the initial screening may be proposed to eliminate
COPCs or pathways. If significant ecological risks are still possible based on the results
of screening refinements, further risk evaluation may be conducted (Steps 4 through 8)
to evaluate ecological risks for specific media or locations.

7.7.3  Screening-Level Problem Formulation

The SLERA is initiated with a screening-level problem formulation. Problem
formulation provides the basis and justification for the scope and objectives of the risk
evaluation and for which specific ecological issues will be defined. When COPCs
cannot be screened out of an assessment on the basis of bulk concentration, a screening-
level problem formulation is developed (USEPA, 1997). The purpose of the screening-
level problem formulation is to develop a screening-level conceptual model.

Development of the ECSM considers:
e environmental setting and known contaminants at the Site;

e contaminant fate and transport mechanisms;

* mechanisms of ecotoxicity associated with contaminants and categories of
receptors that may be affected;

e exposure pathways that may exist at the Site; and
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e preliminary selection of measurement and assessment endpoints to evaluate for
ecological risk.

7.7.3.1  Site Characterization and Environmental Setting

Characterization of the Site and discussion of its environmental setting are presented in
Sections 1 through 7 of this Work Plan and other documents as noted in the references.
The existing analytical data and data gathered during this RI/FS will be used in the
SLERA in the development of the ECSM.

7.7.3.2  Receptors of Interest

Ecological receptors are the components of the ecosyste;n that may be adversely
affected by a chemical or physical stressor. Because it is difficult to assess potential
impacts to all receptors, a smaller group of representative species is selected to assess
potential ecological risks to all components of the system. For aquatic areas (i.e., Little
Vermilion River) benthic invertebrates, fish, and aquatic invertebrates may be selected
as receptors. Representative species of mammals and birds that might utilize the off-site
aquatic areas and on-site terrestrial and aquatic areas will be identified based on the
presence of suitable habitat, expected presence based on range maps, representation of a
range of relevant trophic groups, and availability of exposure data.

Specific descriptions of chosen receptors, their habitat requirements, and presence on
the site will be presented as in further detail in the problem formulation component of
the SLERA. Initially, it has been determined that there is no ecological habitat in the
OU1 main plant area; hence, no ecological risk assessment will be performed for this
area. Similarly, it anticipated that the slag pile terrestrial system will be generally poor
habitat due to the exposed slag, although the slag pile terrestrial setting will be
considered in the initial SLERA stage. Conversely, the QU1 river setting is likely to
have suitable habitat for a considerable aquatic and benthic community; hence, the ERA
may proceed to the comprehensive BERA stage for the river.
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7.7.3.3  Chemicals of Potential Concern

The purpose of identifying COPCs is to focus the SLERA on those chemicals that may
pose an ecological risk. The extent of chemicals in environmental media at the Site will
be described based on analytical data collected from ecologically relevant areas of
concern. The relevant data will consist of the chemical analyses of soil, sediment, and
surface-water samples collected during previous investigations.

The process used for identifying COPCs in the SLERA will be consistent with current
relevant guidance for risk assessment (USEPA, 1989, 1998, 2001). Chemical
concentrations will be evaluated separately for each medium. An initial screening of the
ecologically relevant site data against appropriate ecotoxicological threshold (ETs)
values will be performed using Region 5 Ecological Screening Levels. In the absence of
values for a particular parameter and receptor, other appropriate, medium-specific,
conservative values representative of no-observed-adverse-effect-levels (NOAEL) will
be employed. The sources for these ETs will include:

e Ecological Soil Screening Levels (Eco-SSL);

e Oak Ridge National Laboratory (ORNL) Toxicological Benchmarks for
Wildlife;

* ORNL Toxicological Benchmarks for Plants;

e ORNL Toxicological Benchmarks for Soil/Litter Invertebrates;
e Ambient Water Quality Criteria (AWQC);

e Great Lakes Water Quality Initiative Tier 1 and II values;

e Sediment Quality Criteria (SQC);

e Sediment Quality Benchmarks (SQB); and
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e National Oceanic and Atmospheric Administration’s (NOAA) Effects Range
Low (ERL) values

A complete set of medium-specific benchmark criteria will be compiled in conjunction
with Region 5 USEPA prior to completion of the SLERA. As part of the SLERA
process, additional factors (e.g., fate and transport, receptor exposure) might result in
adjustment of benchmarks for selected COPCs. In such cases, the reason and
justification for adopting the refined benchmark will be explicitly stated.

7.7.3.4  Assessment and Measurement Endpoints

Assessment endpoints are explicit statements of the characteristics of an ecosystem that
have an intrinsic environmental value that is to be protected (USEPA, 1998a). As part
of the SLERA, ecologically-based assessment endpoints relevant to the protection of
receptors of interest within the Site will be developed. These assessment endpoints
(used in interpreting ecological risks) involve survival, reproduction, and/or growth of
receptors. Measures of effect or measurement endpoints are changes in an attribute of
an assessment endpoint in response to a stressor to which it is exposed. Typical
assessment endpoints and measurements of effects include aquatic and terrestrial AOls,
as presented below.

Aquatic AOIs for the SLERA will include the following:

e Assessment Endpoint: Survival, reproduction, and growth of fish and aquatic
invertebrates.

- SLERA Measurement Endpoint: Comparison of COPC concentrations
measured in surface water to applicable AWQC and other available
screening concentrations extracted from field and laboratory studies
associated with adverse effects to survival, reproduction, or growth of
fish and aquatic invertebrates.

o Assessment Endpoint:  Survival, reproduction. and growth of benthic
invertebrates.
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- SLERA Measurement Endpoint: Comparison of COPC concentrations
measured in sediment to applicable sediment quality criteria/values and
other available screening concentrations extracted from field and
laboratory studies associated with adverse effects to survival,
reproduction, or growth of benthic invertebrates.

e Assessment Endpoint: Survival, reproduction, and growth of birds and
mammals that utilize site aquatic habitats.

- SLERA Measurement Endpoint: Comparison of exposure
concentrations of COPCs in ingested media and food (of bird and
mammal species that might feed in site aquatic habitats) to available
screening concentrations associated with adverse effects to survival,
reproduction, or growth of avian and mammalian species tested in the
laboratory.

Slag pile terrestrial AOIs will include:

e Assessment Endpoint: Survival, reproduction, and growth of terrestrial plant
species.

- SLERA Measurement Endpoint: Comparison of COPC concentrations
measured in surface soil to available screening concentrations extracted
from field and laboratory studies associated with adverse effects to
survival, reproduction, or growth of plant species.

o Assessment Endpoint: Survival, reproduction, and growth of terrestrial
invertebrates.

- SLERA Measurement Endpoint: Comparison of COPC concentrations
measured in surface soil to available screening concentrations extracted
from field and laboratory studies associated with adverse effects to
survival, reproduction, and growth of soil invertebrates.
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o Assessment Endpoint: Survival, reproduction, and growth of birds and
mammals that utilize Site terrestrial habitats.

- SLERA Measurement Endpoint: Comparison of exposure
concentrations of COPCs in ingested media and food (of bird and
mammal species that might feed in site terrestrial habitats) to available
screening concentrations associated with adverse effects to survival,
reproduction, or growth of avian and mammalian species tested in the
laboratory.

7.73.5 Ecological Conceptual Site Model

An ECSM in problem formulation is a written description and visual representation of
predicted relationships between ecological entities and the stressors to which they may
be exposed. The ECSM displays the pathways through which receptors might be
exposed to COPCs in surface water, surface soil, and sediment. The objectives of the
ECSM are to:

e illustrate the ecologically significant relationships at the Site; and
s specify exposure scenarios to be evaluated in the SLERA.

The preliminary CSM will portray the direct and indirect pathways through which
receptors might be exposed to COPCs in surface water, sediment, surface soil, and food.

7.7.4  Analysis

As part of the risk evaluation paradigm, the analysis section quantifies the magnitude,
frequency, type, and duration of exposures of receptors to COPCs. In addition,
information is provided to relate chemical concentrations in the relevant environmental
media to adverse ecological effects. =~ The SLERA will include Exposure
Characterization and Effects Characterization. Each is described below.
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7.7.4.1 Exposure Characterization

Exposure characterization involves quantifying the concentrations (or doses) of COPCs
that receptors might contact via each identified exposure pathway. These concentrations
(doses) will be based on either measured concentrations of COPCs in surface water,
sediment, and surface soil; or estimated using empirical relationships (e.g., sediment-
biota accumulation factors) to assess bioaccumulation of COPCs through the food web.
From this analysis, a chemical dose and exposure concentration will be selected for each
relevant pathway. Initial screening will assume that ecological receptors spend 100% of
their time exposed to site COPCs. If warranted, the SLERA refinement step will make
use of appropriate species-specific area use factors to better characterize actual exposure
at the Site.

7.7.4.2  Effects Characterization

Effects characterization involves quantifying the concentrations (or doses) of COPCs
that might be associated with adverse effects. The effects characterization levels will be
compared with the potential dose levels identified in the exposure characterization to
evaluate the likelihood of an adverse ecological effect to site-specific chemicals in the
ecologically relevant environmental media at the Site.

Maximum site concentrations of a contaminant will be compared to the selected ET.
When concentrations do not exceed the ET, the contaminant will be excluded from
further consideration as a COPC. However, if the concentration is greater than the ET,
the chemical does not necessarily pose an ecological risk to site receptors. The
chemical warrants further analysis before it is selected as a COPC. If the concentration
1s greater than the ET, the chemical is retained as a potential COPC for further analysis.

Due to the extent of site data available and results from previous investigations, it is
anticipated that the SLERA will result in one or more organic and inorganic constituents
being retained as preliminary COPCs. Following the comparison of maximum
concentrations to ETs, data will be processed to characterize the distribution of the data,
evaluate and characterize the “non-detect” values so as to select the most appropriate
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representative numeric value, and to summarize the data statistically. The final COPC
selection process will consider the following factors:

o whether the detected chemical is a common laboratory contaminant;

o the detection frequency;

e comparison of site chemical concentrations to local background concentrations
as discussed in Section 7.6.4.2;

e comparison of site concentration data to appropriate screening level
benchmarks; and

¢ consideration of the chemical’s bioaccumulative potential.
7.7.5 Screening-Level Risk Characterization

Risk characterization is the integration of exposure and effects information to identify
the nature and extent of ecological risks and interpretation of the significance of the
indicated risk, based on quantitative risk levels and degree of uncertainty. Following
USEPA guidance, the SLERA risk characterization will include risk estimation,
uncertainty analysis, and risk interpretation.

In the risk estimation, the mathematical relationship between exposure levels and effects
levels for each combination of COPC, exposure pathway, and receptor are presented. A
HQ approach will be applied by dividing the estimated exposure concentration or dose
of:the COPC in the specific medium by a concentration or dose which is not expected to
pose a significant ecological risk (i.e., toxicity reference value). A HQ equal to or less
than 1 indicates no significant ecological risk for the particular COPC, exposure
pathway, and receptor, while a HQ greater than ] indicates that the COPC will require
further evaluation in the later stages of the risk assessment (i.e., BERA).

An uncertainty analysis that identifies uncertainty and variability in the exposure and
effects characterizations will be performed to characterize factors influencing the risk
estimates. Risk interpretation will be based on the results of the risk estimation and the
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uncertainty analysis. The interpretation will use multiple lines of evidence (i.e.,
“weight-of-evidence”), including risk estimates, spatial considerations, uncertainty
analysis, and site-specific data. Risk interpretation will conclude with the identification
of receptors, AOIs, and COPCs, if any, that require further evaluation in the BERA.

7.7.6 Risk Management and Additional Evaluation

The stepwise approach proposed for risk evaluation at the Site incorporates potential
decision-making points that are used for risk management and to guide the direction of
additional risk evaluation. These risk decisions form the culmination of Steps 1 and 2,
and the potential initiation of Step 3. Risk interpretation (summarizing the risk
characterization results, uncertainty, and weight-of-evidence) from each tier is used to
decide whether further evaluation is required for a particular medium or area. If no risks
are indicated, then no further risk evaluation is required. If ecological risks are
indicated or there are data gaps in the SLERA that prevent risk characterization of
pathways or COPCs, then further evaluation may be warranted. Remedial actions may
be proposed at any point during the risk evaluation process, if sufficient evidence
indicates that further risk evaluation is not needed to establish the nature and extent of
potential adverse risks and possible remedies seem obvious.

The results of the SLERA will lead to:
e no further action;
¢ initiation of a BERA; or
e potential remedial action.
7.7.7 Baseline Ecological Risk Assessment

If the need for a second-tier BERA is indicated, it will provide a much more detailed
and geographic area-medium-specific approach in the scope and nature of its assessment
and measurement endpoints. A BERA incorporates site-specific data, biota, and
exposure pathways, with less reliance on conservative literature values or generic
assumptions used in the SLERA. Data used in the SLERA will be reviewed to evaluate
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whether additional data are needed to conduct the BERA. In the event that a BERA
requiring additional data collection is necessary, a work plan will be prepared and
submitted to USEPA for review.

A BERA may include additional, detailed habitat characterization, field surveys, fate
and transport modeling, toxicity testing, food-web modeling, bioavailability studies,
community structure and population studies, or other field or analytical investigations.
The evaluation may use several measurement endpoints to evaluate the assessment
endpoints and integrate the results in a weight-of-evidence approach. At the second
stage of risk management, the results of the BERA will be used to evaluate the need for
additional potential ecological risk evaluation, or if risk is indicated, whether remedial
activities may be warranted for specific areas or media.

Note that on the basis of discussions in the 2 May 2007 meeting with USEPA and
SulTRAC, it is likely that the slag pile terrestrial AOIs will be addressed in an SMDP at
the conclusion of the initial stages of the SLERA; hence, terrestrial AOIs are not likely
to be considered in a BERA. As such, if a BERA is necessary, it will most likely focus
exclusively on river-related receptors.

The BERA refines the SLERA by considering site-specific information in the problem
formulation step. Problem formulation at Step 3 includes several activities:

e refining preliminary contaminants of ecological concern;
o further characterizing ecological effects of contaminants;

¢ reviewing and refining information on contaminant fate and transport, complete
exposure pathways, and ecosystems potentially at risk;

¢ sclecting assessment endpoints; and

o developing a conceptual model with working hypotheses or questions about the
site.
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The assessment endpoints, which have been refined based on the SLERA, habitat
characterization, and discussions with USEPA and SulTRAC, are then used to develop
a work plan where the relevant measurement endpoints will be described.

Measurement endpoints can include direct measures of exposure (e.g., contaminant
concentration in surface water or sediment) or measures of effects (e.g., toxicity tests or
community diversity measures). These measurement endpoints can be compared to
reference, or background, conditions to evaluate the ecological risk at the site. It is
often appropriate for more than one measurement to be used to evaluate a specific
assessment endpoint. A “weight of evidence” approach is used to look at multiple
measurement endpoints. For example, a common approach used to evaluate the benthic
community (as an assessment endpoint) is the sediment “triad” approach, which
incorporates chemical data with toxicity data and community structure information.

Based on research into likely species present in the site vicinity and initial discussions
with USEPA and SulTRAC, tentative receptors of interest have been identified in the
event that a BERA is necessary. Aquatic assessment endpoints will include vertebrate
species such as smallmouth bass (Micropterus dolomieu) as a prey species and walleye
(Sander vitreus vitreus) as a predator species. The benthic invertebrate assessment
endpoint will be the midge (Chironomus riparius). The mammalian receptor of interest
will be the raccoon (Procyon lotor), and avian receptors of interest will be the green
heron (Butorides striatus) and belted kingfisher (Ceryle alcyon.)

If a BERA is required, data assessment will consider multiple lines of evidence,
including a comparison of fish tissue data to toxicological reference concentrations for
(1) the fish as an endpoint as well as (ii) mammalian and avian receptors as separate
endpoints. Where applicable, area use factors will be applied to compensate for the
broader feeding range of mammalian and avian receptors. Toxicity testing data and
community population/structure findings, of which both will be compared to those of
reference stations, will provide evidence of any community impairment. These
assessments, in concert with a review of primary surface-water and sediment data, will
constitute a weight-of-evidence assessment of the overall health of the ecological
community.
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7.8 Surface-Water Basin Analyses

Since OU1 includes the Little Vermilion River, contributions to the river from overland
flow emanating from both OU1 and OU2 will be evaluated during the surface-water
basin analyses. The purpose of the basin analyses is to evaluate the total contributing
area of surface-water flows as well as defining the drainage network. Combining these
data will help to provide a fundamental understanding of potential surface-water
contributions and areas of enhanced sediment transport.

The first phase of the basin analyses will require the acquisition of appropriate GIS
coverages and includes all available information relative to local scale topography,
hydrologic features, and digital raster graphics (i.e., USGS 1:24,000 quadrangles).
These data will provide the basis for subsequent land-surface elevational modeling and
eventual basin delineations.

Site topographic features will be utilized to develop an initial Digital Elevation Model
(DEM) and then integrated into a USGS DEM. Merging these datasets will insure a
greater degree of confidence in the development of the land surface rasters since the
USGS DEM will likely include average land surface measurements on a regularized 30
by 30 meter spacing.

An initial basin delineation will then be completed using the existing topogfaphic
features and then post-processed using ArcMap/Spatial analyst extension. A hydrologic
modeling tool is embedded within the extension and allows for a rapid assessment of a
number of hydrologic features including; a watershed analysis (i.e., basin delineation),
drainage network evaluation, and hill slope analyses. Post processing of these data as
well as “truthing” to initial basin delineations insures that oversimplification and
obscuring of small-scale hydrologic features are reduced and/or eliminated. These
techniques are typically referred to as “stream burning”. These techniques can be
utilized to define large and small-scale drainage features as long as these vector
hydrography features are overlain.

Incorporation of vector hydrography and appropriate analytical techniques will help to
estimate both the contributing areas and drainage network for OU1 and OU2. These
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data are an important component of an initial surface-water analyses and will provide a
fundamental understanding of the local hydrography.

7.9 Remedial Investigation Report

In accordance with Task 4 of the ASAOC, an RI Report will be written to
comprehensively present the findings of the RI, including the investigative scope
performed, the site characteristics, the refined CSM, the nature and extent of
contamination, and the results of the human health and ecological risk assessments. In
accordance with Appendix A of the ASAOC, Carus will be responsible for combining
all sections of the RI document into one comprehensive report.

¢

As with the performance of the risk assessments, the RI reporting will be a joint effort
with SulTRAC, who will provide corresponding information for OU2. Geosyntec will
work closely with SuUITRAC to coordinate sharing of data and information. Carus is
responsible for assembling the RI Report, which will include the OU2 information
provided by SulTRAC, as well as the information developed by Geosyntec for OUL.
The joint effort will result in a comprehensive report for the M&H Zinc Company Site
as a whole.
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8. FEASIBILITY STUDY SCOPE OF WORK
8.1 Overview

Upon completion and submission of a RI Report for the entire site, Carus will prepare
and submit a work plan for a FS for OUI. The FS to be described in the work plan will
contain the following components:

¢ Development of Remedial Alternatives: This process begins with a
refinement of the RAOs noted in Section 5. The RAOs will be refined through
RI site characterization and risk assessment, of which both will narrow the scope
of chemicals, pathways, and receptors of concern. Additionally, PRGs will be
refined as a result of the risk assessment in the RI, which will provide
quantitative levels of acceptable exposure concentrations. These PRGs will also
be affected by the early stages of the FS, in which the preliminary list of ARARs
will be refined. For each release of concern, broad technical approaches to
remediation, such as in situ remediation vs. physical containment, will be
proposed. Additionally, a rough scope of implementation will be estimated. For
example, this may include area estimates for capping, etc.

¢ Screening of Remedial Alternatives: In this step of the FS, for each broad
technical remedial approach proposed as above, specific technologies within the
broad approach are proposed and either retained for further consideration or
eliminated. For example, if in situ remediation is proposed in the first step, the
second step may lead to the elimination of aerobic remediation as one specific
option and the retention of anaerobic remediation as a viable option based on
groundwater geochemistry or the specific nature of the chemical of concern.

¢ Detailed Analysis of Alternatives: In the third major phase of the FS process,
the understanding and scoping of viable remedial alternatives is augmented
through the incorporation of treatability study insights, as needed, (see next
section) and a more detailed scoping of the remedy than is presented in the
Development of Remedial Alternatives. Given this information, the alternatives
are tested against the following nine criteria (USEPA, 1988):
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- overall protection of human health and the environment;
- compliance with ARARs;

- long-term effectiveness and permanence;

- reduction of toxicity, mobility, or volume;

- short-term effectiveness;

- implementability;

- cost;

- state acceptance; and

- community acceptance.

In addition to evaluating each alternative with respect to a given criterion, this section of
the analysis compares the alternatives to one another with respect to their individual
ability to meet a given criterion.

Note that as with relevant portions of the RI, the FS will be a coordinated activity
between Carus and USEPA and their contractors for OU1 and OU2 to the extent that
remedy considerations are applicable to the site as a whole. The FS report, described in
more detail in Section 8.3, will conclude with a recommendation for comprehensive,
sitewide remedy.

8.2 Treatability Studies

Treatability studies will be conducted, as needed, and may include bench-scale (i.e.,
laboratory testing) and pilot studies (i.e., field testing). Microcosms are an example of
the former, while a single-well, short-term soil vapor extraction (SVE) test on-site is an
example of the latter. Treatability studies allow the respondents to decrease the
uncertainty inherent in remedial decisions by providing data and observations that are
pertinent to determining the appropriateness of a given technology for the site. This
may be necessary if data collected for the RI are insufficient to decide whether a given
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method is feasible. For example, it is not possible to confirm the radius of influence of
an SVE system without direct observation through pilot testing.

The need for a treatability study will be evaluated using an informal cost-benefit
analysis. It is conceivable that for a given remedial need, two technologies, one being
conventional and high-cost and the second being innovative and low-cost, may be
retained. If the innovative technology represents a significant cost savings over the
conventional approach, yet significant uncertainty exists pertaining to its site-specific
effectiveness (perhaps due to a limited track record), a treatability study may be
proposed.

Treatability studies, if deemed necessary, will begin with the securing of regulatory
approval through the submittal of: (i) an Identification of Candidate Technologies
Memorandum; (ii) a Treatability Testing Statement of Work; and (iii) a Treatability
Testing Work Plan. The work plan will include supplemental HASP or FSP
components, as needed.

Upon completion of the field or laboratory testing, treatability study reports will be
prepared for the regulatory agencies, as needed.

8.3 Feasibility Study Report

In accordance with Task 7 of the 